Nv\S 


x\ 


1 .',1!;*; jij- 


?’in-.,! Hepoit 




■*i» *1 » V ;a r-'-v 

: -.1 4 


A. _ j i-n a ^ tM 


i i 


- ] ? 
j * / 5 


, \ 
£^4 




>* 


' - rrfrj^f 


W.A. MALilA, JM. GLEASON and R.C. CiCONE 
Infrared and Optics Division 

APRIL 1976 

iSa-CR-1ii7792) aiKCSPHEHIC MODILING M76-26675 

U LATED TO IHEMaTIC HAPPEH SCAN GECMETEY 
lal Report, 6 Feb. - 31 Mar, 1976 

[ivironmental Research Inst, of Michigan) Unclas 

2'p HC $6.00 CSCL 04A G3/43 44736 


Prepared for 

nmm ^EnoiiAyiics a;i0 sim 




Earth Resources Program Office, Code HA. 
Johnson Space Cencer 
Houston, Texas 77058 
and 

Earch Resources Branch, Code 920 
Goddard Space Flieht Center 
Greenbeit. riiaryland 20771 


1 




Conti a cl NAJ3-I40i9, Ta.sk H 



/ 



. » i 


T A I 


6 o :< 




*• .W%‘r '* t. A . 

\ 0 « /» ti A n 


■* • * ^ t ^ / .1 ^ 'i a .5 

O R 'V M I C H I O N 4 8 10 7 



Sponsorgbip . ■■ i'Ci’v. i-r 

mental Rei-sarch i.ns t ■ tur.-. Si-” ' -■- i-.’ 

Space Adraxnisnpatior * ’3 Jca.. -an teiir.t” 

and Goddard Space Filglit d'enter '.GSr ..'), G v 
Tana II of Contract KAS9-l-!dl9 vLr!i the Jt’C. 
Technical Honitor for JSC and Di'» Louis v7alc 
for GSFC. 


,.'ij conav.ccci by the Envirtii- 
i-atb.-nal derona u'ics and 
(iSC) , ih"'’.3i-cii\3 l-a::as 77013, 
■‘-belt, y?/-yland J0771, under 
i'lr. Jay llarnaga/HC is 
cr/920 is Technical Monitor 


This report comprises the final report for the Task 11 effort under 
the contract. Results for the tr-L^or task (Task 1) of the contract will 
be reported separately. 

Contracts and grants to the Inttitut? for the support of sponsored 
research are administered through the Office of Contracts Administration. 


Disclaimers . This report was prepared as an account of Government- 
sponsored cork. Neither the Utirt-d States, nor the National Aeronautics 
and Space Administration (liASA) , nor any person acting on behalf of NASA: 

(A) Makes any vrarranty or representation, expressed or implied with 
respect to the accuracy, completeness, or usefulness of the infor- 
mation contained in this report, or that the use of any information, 
apparatus, method, or process disclosed in this report may not in- 
fringe privately o\7ned rights; or 

(B) Assumes any liabilities with, respect to the use of, or for damages 
resuiting from the use of any info->-riation, apparatus, method, or 
process disclosed in this report. 

As used above, "person acting on bsh<.lf of N7.SA" includes any employee or 
contractor of NASA, or employee of such contractor, to the extent that such 
employee or contractor of NASA or eT'.ployee of such contractor prepares, 
disseminates, or provides access to any information pursuant to his employ- 
ment or contract with NASA., or his c-mployment V7ith such contractor. 

Final Disposition . After this document has served its purpose, it may 
he destroyed. Please do not return it to the InvironM-antal Research Institute 
of Michigan . 



1. Report No. NASA CR— ERXM Accession No. 

119300-S-F 


4. Title and Subtitle 

FINAL REPORT OR ATMOSPHERIC MODELING RELATED TO 
THEttATXC MAPPER SCAM GEOMETRY 


TECHNICAL REPORT STANDARD TITLE PAGE 


3. Recipient’s Catalog No. 


5. Report Dale 
April 1976 


6. Performing Organization Code 


8. Performing Organization Report KOi 
119300-5-F 


10. Work Umt No 
Task II 


11. Contract or Grant No. 
NAS 9-14819 


13. Type of Report and Period Covered 
Final Report 
6 February through 
31 March 1976 


14. Sponsoring Agency Code 


7. Author(s) 

W, A, Maliia, J. M, Gleason, and R- C. Cicone 


9. Performing Organization Name and Address 

Environmental Research Institute of Michigan 
Infrared and Optics Division 
P. 0. Box 618 

Ann Arbor, Michigan A8107 


12. Sponsoring Agency Name and Address 

National Aeronautics and Space Administration 
Johnson Space Center 
Earth Resources Program Office/HA 
Houston, Texas 77058 


15. Supplementary Notes 

Mr. Jay Harnage/HC is Technical Monitor for NASA JSC. Task II was jointly sponsored 
by the JSC and the NASA Goddard Space Flight Center, Greenhelt, Md. 20771, with 
Dr. Louis Walter /920 as GSFC Technical Monitor. Results under Task I are being 
reported separately. — 

16. Abstract 

A simulation study was carried out to characterize atmospheric effects in 
LANDSAT-D Thematic Mapper data. In particular, the objective was to determine if any- 
differences would result from using a linear vs . a conical scanning geometry . Insight 
also was gained about the overall effect of the atmosphere on Thematic Mapper signals, i 
together with the effects of time of day. An added analysis was made of the geometric 
potential for direct specular reflections (sun glint) . 

The ERIM multispectral system simulation model was used to compute inband Thematic 
Mapper radiances, taking into account sensor, atmospheric, and surface characteristics. 
Separate analyses were carried out for the thermal band and seven bands defined in the 
reflective spectral region. Reflective-region radiances were computed for 40°N, 0°, 
and 40°S latitudes; June, Mar., and Dec. days; and 9:30 and 11:00 AM solar times for 
both linear and conical scan modes. Also, accurate simulations of solar and viewing 
geometries throughout Thematic Mapper orbits were made. 

It was shown that the atmosphere plays an important role in determining Thematic 
Mapper radiances, with atmospheric path radiance being the major component of total 
radiances for short wavelengths and. decreasing in importance as wavelength Increases. 
Path radiance was shown to depend heavily on the direct radiation scattering angle and 
on haze content. Scan-angle-dependent variations were shown to be substantial, 
especially for the short-wavelength bands . 


17. Key Words 

Thematic Mapper 
Atmospheric Effects 
Simulation 

Multispectral Scanner 


13. Distribution Stntement 

Initial distribution is listed at the 
end of this document. 


19. Security Classif. (of this report) | 

20. Security Classif. (of this pace) 

21. No. of Pages 

UNCLASSIFIED 

UNCLASSIFIED 

132 



ORIGINAD TAGS IS 

OF POOR-QUALIIYI 
















SECUJ^iTY CLA S SIFIC A XIOM QF THIS PAG^jWkm Dula L ttiertJ} 


16. Abstract (Continued) 

Surface bidirectional reflectance effects were found to be 
of significance in total radiances only for the longest wave- 
length reflective band for which they were computed for a sparse 
and a dense green wheat canopy . 

It was concluded that no major differences should be 
expected between overall atmospheric effects from 70°N to 70°S 
latitude for the linear and conical scan modes, based on a quali- 
tative extrapolation of radiance simulation results to key lati- 
tudes through their relationship to scattering angle. Specific 
differences would exist for sub-ranges of latitudes. No signifi- 
cant difference was found between sizes of geometric sun glint 
potential zones for linear, forward-looking conical, and 
rearward-looking conical scan modes; those for the forward- 
looking conical mode were slightly smaller. 

An 11:00 Ali orbit would have a greater dynamic range of 
signal levels, greater variance due to scan angle and other 
effects, and a greater geometric potential for sun glints than 

a 9:30 AM orbit. However, the important quantity, ratio of 
ground signal to path radiance, is roughly the same for com- 
parable conditions for the two orbit times. Consideration of 
the important factor of effect of orbit time on crop discrimi- 
nation was not within the scope of this study. 

Radiances for the 0.74-0.80-pm and 0.80-0.91-ym bands were 
found to be highly correlated (>0.9993) lending support to the 
earlier decision to combine them into a single band. 

Recommended steps are given to follow in a more quanti- 
tative comparison of the relative effects of scan mode on the 
usefulness of Thematic Mapper signals, if required. To support 
system design efforts, more complete simulation and quantitative 
analysis of Thematic Mapper radiances, atmospheric effects, and 
crop discrimination are recommended. Also recommended are 
additional analyses to relate geometric sun glint potentials 
to actual sea surface conditions for a more complete assessment 
of the problem, and to study comparable effects on land surfaces. 
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PREFACE 

This report describes efforts on Task II of a project studying 
system specifications for the LANDSAT-D Thematic Mapper (multispectral 
scanning system). The contract management resides with NASA's Lyndon 
B. Johnson Space Center, Houston, Texas. Task II was jointly sponsored 
by NASA's Goddard Space Flight Center, Greenbelt, Maryland. 

The Task II effort was a "quick-response" effort in which simulation 
parameters were defined in the first few days and radiance simulations 
were carried out soon thereafter. The major question addressed in Task II 
was the effect of scan mode (linear vs. conical) on atmospheric effects 
in Thematic Mapper signals. Initial results were provided as generated. 

A relaxation in the time schedule according to which final results were 
required enabled (a) a more accurate calculation and simulation of 
Thematic Mapper orbit and scanning geometry relative to the sun position, 

(b) more thorough analyses of the simulation results, and (c) the exami- 
nation of additional questions such as time of orbit and geometric 
potential for sun glint. 

The research covered in this report was performed under Contract 
NAS9-14819, Task II, during the period 6 February 1976 through 31 March 
1976. Technical Monitors were Mr. Jay Harnage, Code HC, JSC, and 
Dr. Louis Walter, Code 920, GSFC . The task was directed by Mr. R. R. 

Legault, a Vice-President of the Environmental Research Institute of 
Michigan (ERIM) , and Dr. J. D. Erickson, Principal Investigator and Head 
of the ERIM Information Systems and Analysis Department. Dr. W. A. Malila 
was Task Leader. The ERIM report number is 119300-5-F . The Task I effort 
is being reported separately. 

The authors acknowledge the use of mathematical models for atmospheric 
effects developed by Dr. R. E. Turner and for vegetation canopy bidirectional 
reflectance by Dr. G. H. Suits, both of ERIM. Mr. J. L. Beard contributed 
the derivation of Eq. (6) , an initial analysis of the sun glint problem, and 
the basic mathematical analysis presented in Sec. 4. Secretarial services 
of Miss D. Dickerson are also acknowledged. 
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SUMMARY, CONGLUSIOHS, AHD RECOMMENDATIONS 

There are a great number of sensor, atmospheric, and surface factors 
which interact to produce the radiances observed by a sensor such as 
the LANDSAT-D Thematic Mapper. In this study, radiance simulations with 
the ERIM multispectral system simulation model were carried out in which 
most of the major factors were varied and their relative importances 
determined and/or demonstrated. The major objective of the effort was 
to characterize any differences between atmospheric effects in Thematic 
Mapper data that would result from using a linear vs. a conical scanning 
mode. In addition, a realistic simulation of scanning and solar geome- 
tries throughout orbital passes was accomplished and an analysis of the 
geometric potential for specular reflection (sun glint) was carried out. 

Based on these simulations and analyses, the following conclusions 
were drawn and recommendations are made. 

1.1 CONCLUSIONS 

(1) Atmospheric effects have been shown to play an important role 
in determining Thematic Mapper radiances , 

(a) Atmospheric path radiance is by far the major component 

of radiances in the short-wavelength Thematic Mapper bands, 
but decreases in importance as wavelength increases, 

(b) Substantial variations in path radiance occur that depend 
on scan angle. 

(c) Path radiance effects are intensified by an increase in 
atmospheric haze content. 

(d) A strong dependence between path radiance and the direct 
radiation scattering angle was demonstrated. 
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(e) One important factor wliich was not varied in this study, 
but which affects reflective-region path radiance, is 
background albedo . 

(f) In the thermal band, there is nearly complete compen- 
sation between path transmittance and path radiance 
effects, so changes in path length and/or atmosphere 
condition produce only very minor changes in total 
inband radiance . 

(2) Surface bidirectional reflectance effects for the two (sparse 
and dense green wheat) canopies examined were found to produce signifi- 
cant variations in total inband radiances only for the longest wavelength 
band for which calculations were made (0.74-0.91 pm) ; in this band, path 
radiance was a relatively minor component of total radiance. 

(3) The positions of the sun and the comparable satellite headings 
and scanner geometry also are important factors for reflective-band 
radiances . 

(a) Total irradiance depends directly on solar zenith angle. 

(b) Solar azimuth angle, satellite heading, and scanner 
geometry also help determine scattering angles and con- 
ditions for which there is potential for sun glint . 

(4) No major differences should be expected between overall atmos- 
pheric effects for the linear and conical scan modes, based on a comparison 
of the geometric and radiance simulations. 

(a) Essentially the same range of scattering angles applies 
to each scan mode, although the latitudes at which peak 
angles occur differ between modes. 

(b) Reflective-region path radiance is highly correlated with 
scattering angle. 
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(c) The latitudes for which radiances x^ere simulated are 
not sufficient of themselves to permit a definitive 
comparison of radiances for the two scan modes for 
the full range of the orbits, but can be qualitatively 
extrapolated to the key latitudes through the scattering 
angle relationship. 

(d) Indications from the scattering angle analysis are that a 
forward-looking scanner might have slightly less atmos- 
pheric effects than a linear scanner, and slightly more 
than a rearward-looking conical scanner. 

(e) If one tjere to restrict the range of latitudes of 
interest, e.g., to the mid-northern latitudes, substan- 
tial differences in atmospheric effects between scan 
modes could be expected. 

(£) In the thermal band, there was essentially no difference 
in radiances for the two scan modes. 

(5) No significant difference was found between potential sun glint 
zones for the linear and conical scanners in the reflective spectral region. 

(a) Zones for the conical scanner were slightly smaller 
than comparable zones for the linear scanner, but 
shifted in latitude. 

(b) Zones for the rearward-looking conical scanner were 
comparable in size to those of the linear , hut shifted 
the opposite direction in latitude, 

(6) The following observations regarding the two possible orbit 
times fox Thematic Mapper can he made from the analysis of the radiance 
and geometric simulations . 

(a) A greater range of sun zenith angles would be encountered 
for Che 11:00 AM orbit than for the 9:30 AM orbit; con- 
sequently, greater changes in average reflective-region 
signal amplitude would occur throughout the 11:00 AM orbit. 
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(b) Both maximum and average scattering angles are higher 
for 11:00 AM, which would give rise to greater path 
radiance effects. 

(c) The fact that the average range of scattering angle at a 
given latitude is smaller for 11:00 than for 9:30 AM 
tends to lessen the impact of (b) . The important quantity, 
ratio of ground radiance to path radiance, is roughly the 
same for both orbit times for comparable conditions. 

(d) An important factor that should enter into th.e choice 
of orbit time was not considered in this study, namely 
the effects of orbit time on the discriminability of 
representative sets of scene classes; sun angle does 
affect surface reflectances, apart from its influence 
on the atmospheric components of received radiances. 

(7) The following observations regarding orbit times can be made 
from the analysis of geometric sun glint potential: 

(a) Potential glint zones for the 11:00 AM orbit, for any 
given severity level and scan mode, are always larger 
than and include the comparable potential glint zones 
for the 9:30 AM orbit. 

(b) The 11:00 AM orbit, therefore, is more susceptible to 
glints from smoother sea states than is the 9:30 AM 
orbit . 

(c) Time of year and scan mode cause shifts in both the 
latitude location and severity of the potential glint 
patterns. The glint potential is greatest in June for 
both times and all three scan modes. 
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(8) The existence of very high correlation coefficients between 
0.74-0.80-ym and 0.80-0.91-ym radiances, computed for the two vegetation 
canopies under the full range of atmospheric and observation conditions , 
lends support to the decision to combine the two bands for the Thematic 
Mapper, but of itself is not full justification. 

1 . 2 RECOMMENDATIONS 

(1) If required, a more quantitative comparison should be made of 
the relative effects of scan mode on the usefulness of Thematic Mapper 
data. This comparison would involve: 

(a) Calculation of atmospheric effects for the critical 
latitudes for each scan mode . 

(b) Inclusion of more surface cover classes. 

(c) Quantitative comparison of the comparable sets of data, 
including statistical measures and estimates of the 
probability of misclassification, 

(2) For system design purposes, a more complete simulation and 
quantitative analysis should be made of Thematic Mapper radiances and 
atmospheric effects within them, including more surface cover types, 
several background albedo spectra, and a more complete coverage of 
latitudes. Also, definitive studies of the effect of orbit time on crop 
discrimination should be carried out. 

(3) Additional studies should be made to relate the geometric sun 
glint potential maps and refinements thereof to actual sea states and 
surface characteristics for a more complete assessment of sun glint 
potential. Also, studies should be made of comparable effects on land 
surfaces . 
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2 

INTRODUCTION AND APPROACH 

The atmosphere intervenes between satellite-borne earth resources 
sensors and the Earth’s surface. It both attenuates radiation emanating 
from the surface and adds extraneous path radiance to that radiance 
arriving at the sensor from the surface. These attenuation and path 
radiance effects depend on the sensor’s scan geometry in relation to 
the solar illumination geometry. In addition, surface materials exhibit 
bidirectional reflection properties which also depend on the view and 
illumination geometries . 

The result of signal variations which depend on scanning geometry 
can be degraded information extraction, such as less accurate computer 
recognition processing results, from the remotely sensed data. Processing 
systems might be designed in the future to remove or minimize such effects 
but they still constitute a factor that should not be overlooked in system 
design and specification. 

Two types of scanning geometries have been used thusfar in spaceborne 
multispectral scanners — a linear scan in LANDSAT-1 and -2 and a conical 
scan in the SKYLAB S-192 scanner. Thus, for the future Thematic Mapper, 
there is a potential for either mode of scan. The objective of the effort 
reported herein was to characterize any differences between atmospheric 
effects in Thematic Mapper data that would result from using the two 
scanning geometries. As a byproduct, insight was gained about the overall 
effect of the atmosphere on Thematic Mapper signals, together with the 
effects of time of day. An added analysis was made of the geometric 
potential for direct specular reflections (sun glint) . 
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A data simulation approach was taken to assess atmospheric effects 
in Thematic Mapper signals. Computer models existing and implemented 
at ERIM were used to simulate the major components of spectral radiance 
at the spacecraft. The simulations included spectral calculations of: 
direct solar and diffuse sky irradiance, bidirectional surface reflec- 
tance characteristics and surface emittance characteristics, atmospheric 
transmittance and path radiance quantities, and Integrated radiance over 
the currently specified Thematic Mapper spectral bands. 

Two distinct analyses were carried out, one for the thermal band 
and one for the reflective bands. This dichotomy resulted from the 
distinctly different processes leading ‘to signals in these spectral 
regions and also the use of different computer models. 

Thermal region simulations were performed using the ERIM model 
referred to in Ref. 1 as the model using the "aggregate method". For 
the reflective region, a composite multispectral system simulation model 
was used. Radiative transfer calculations were carried out according to 
the model developed at ERIM by Dr. Robert Turner [2], while vegetation 
canopy bidirectional reflectance calculations were performed using a model 
developed by Dr. Gwynn Suits of ERIM [3]. The atmospheric and reflectance 
quantities then were combined with sensor response functions to simulate 
Inband radiance for the Thematic Mapper bands . 


18 



FORMERLY WILLOW RUN LABORATORIES THE UNIVERSITY OF MICHIGAN 



3 

SPECIFICATION OF ANALYSIS PARAMETERS 


The first step of the project was to specify the parameters to be 
used for data simulations. 

3.1 SENSOR SYSTEM PARAFIETERS 

Three characteristics of the sensor system had to be specified in 
consultation with the Sponsor's Technical Representatives: spectral 

response functions j scanning geometries, and orbit parameters (e.g., 
times of pass) . 

The spectral bands used were those currently defined or under con- 
sideration for the Thematic Mapper: 

0.45 - 0,52 ym 
0.52 - 0.60 
0.63 - 0.69 
0.74 - 0.80 
0.80 - 0.91 
0.74 - 0.91 
1.55 - 1.75 
10.29 - 12.50 

A unit-amplitude spectral response function was assumed within these 
spectral limits. 

The scanning geometries were obtained using the following specifi- 
cations of the Thematic Mapper orbit and swath width: 

98.2° Inclination Angle 
705 km Altitude 
185 km Swath Width 

Scan Geometry: (a) Linear 

(b) Conical, 17.88 Cone Angle 
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For the linear scan, the scan angle range is +7.5°. For purposes of 
the simulations, five scan angles were used: 0°, +4°, and +8°. 

The geometry for a conical scanner is somewhat different than that 
for a line scanner since the zenith scan angle remains fixed while the 
azimuth position is changed for successive views of the ground. See 
Fig. 1. Dividing the 48° sector into four equal parts, we have: 

lb =0°, +12°, and ±24° 
con ~ 

These five angles were used for the simulation to correspond with the 
five angles in the linear scan case. 

The final sensor parameters are the time of the satellite overpass 
and the latitudes of interest. Two times were specified, 9:30 and 11:00 AM, 
and latitudes of interest were given to be between 70 N and 70 S. Sun posi- 
tions were read from graphs in Table 170 of Ref. 4 for the two sun times 
(making no adjustments for orbital deviations in either time or longitude) 
at 40°N, 0°, and 40°S longitude, for use in the radiance simulations. 
Positions for three dates, chosen to cover the full range of sun positions 
throughout the year, were extracted — i.e., for the summer and winter 
solstices and the vernal /autumnal equinox. 

It should be emphasized, however, that, since the intent of this study 
was to examine only gross atmosphere-related differences between orbit times 
for the two scan geometries and since results were needed rapidly , the above 
expedient method of determining sun positions was employed. These positions 
do not precisely represent the conditions that would be encountered in 
actual Thematic Mapper orbits, and the results should be interpreted and 
used accordingly. Later in the study, more precise calculations were made 
of the geometries for realistic Thematic Mapper orbital trajectories from 
70°N to 70°S latitude, and the two sets of values for 40 N, 0 , and 40 S 
are compared later in this report (Tables 2 and 3) . 
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3.2 MODEL INPUT GEOMETRIES 

The most important single angle for atmospheric effects calculations 
is the angle x through which the incident solar radiation vector must be 
rotated to point toward -the sensor, in other. words, 180° minus the angle y 
Subtended by the surface— to~sun and surface— to-sensor vectors (See Fig. 
2(a)). The angle x in radiative transfer theory is called the "scattering 
angle" and is so referenced hereafter in this report. 

The simulation model input angles , however , are in a coordinate 

system that consists of (a) zenith angles, 6 and 0 , measured from the 

o 

local vertical to the surface-to-sensor and surf ace-to-sun vectors, 
respectively, and (b) the relative azimuth angle, ij;, measured between 
projections of these vectors onto the horizontal plane of the surface 
(See Fig. 2(b)). Note that the relative azimuth angle is' the projection 
of the angle y onto the horizontal plane. 

The calculation of the relative azimuth angle involves three factors — 
the spacecraft heading relative to the local meridian of longitude, the 
corresponding sun position, and the scan geometry. The spacecraft heading 
depends on both the inclination angle of the satellite orbit- and the 
latitude of the satellite (See Fig, 3). The following equation* was used 
to compute spacecraft heading: 



* 

Eq. (1) is the correct equation; however, it was discovered in review 
that the program actually used to compute the values presented in this report 
erroneously included a term dependent on the Earth's rotation rate (a term 
necessary for proper image analysis) which introduces an error of 4° or less 
in all relative azimuths. 
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A linear scanner has a different zenith scan angle for every point 
along either half of the scan line. However, all scan angles on a given 
side have the same relative azimuth angle, as shown in Fig. 4. Relative 
azimuth angles for the western side of a scan line were computed using: 


ill = 'I'r. - (g + 90 ) 

^West ^Sun 


( 2 ) 


while, for those on the eastern side, the relationship was; 


*^East 


= 180 




West 


(3) 


This latter equation kept the magnitude of the relative azimuth less 
than 180°, since the sign of the angle is immaterial to the model calcu- 
lations . 

A conical scanner, in contrast, has a constant zenith view angle, 

but a different relative azimuth angle for each azimuth scan angle, 

ill , as defined in Fig. 5. The equation used to compute the relative 
Scan 

azimuth angles, iji_ , for the conical scanner was; 

ill = (J'r. “ 

^Con ^Stcn ^Scan 

where 

lb is the azimuth of the sun, CW from North, 

Sun 

and 

ib„ is the conical scanner azimuth angle. 

^Scan 

3.3 COMPUTATION OF SCATTERING AND SPECULAR GLINT ANGLES 

From the atmospheric scattering point of view, the importance of 
the radiation scattering angle has been discussed already . The following 
equation was used to compute the direct scattering angle, x> each scan 
geometry considered: 
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where 


and 


X = arc cosf-cos0 cos0 - sin© sinS cosii»] (5) 

o o 

0 = view zenith angle 

9 = sun -zenith angle 

o 

Ip = relative azimuth angle (from the target location, 
the horizontal angle between projections of the 
target-to-sun and target-to-sensor vectors) . 


Another angle of interest is the slope, 6, that the surface being 
viewed would have to have in order for there to be a potential for direct 
specular reflection of sunlight into the sensor field of viex- 7 . The critical 
relative azimuth angle for this condition is i/j = 180°, i.e., when the sun 
and the sensor are in opposite directions from the surface point being 
viewed. As shown in Fig. 6(a), specular reflection of sunlight by a per- 
fect horizontal mirror would be observed only xjhen the scanner zenith angle 
equalled the solar zenith angle. Fig. 6(b) indicates the orientation that 
specular surfaces would have to have in order to produce observable specular 
reflections for two special cases: \l> = 180°, already identified, and 

= 0 , the other half of that linear scan line. The surface orientation 
is defined here by the angle 6 , measured from the local zenith to the 
surface normal. 

Since specular surfaces, such as water, are not perfect and not 
exactly horizontal, there will be a cone of angles, about the idealized 
geometry, in which specular effects could be expected. To permit an exami- 
nation of the geometric potential for sun glint, the following general 
expression was used to compute S at which specular reflection between the 
svin and the sensor could occur for the various orbits and modes of scan: 


6 = cos 


■"1 

( [ (sin6 + 


COS0 + cos0 


sin9 cosi/j)^ + (sin0 sirni^)^ +(cos6 + cos6 )^]^^^ 


( 6 ) 
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3.4 ATMOSPHERE PARAMETERS 

For calculations in the thermal spectral region, five standard atmo 
spheres were readily available for use. These were: 

Temperate, Summer 
Temperate, Winter 
Arctic , Summer 
Arctic, Winter 
• Tropic 


For the shorter wavelength, reflective region, four standardized 
atmosphere profiles were chosen. These profiles are labeled by associ- 
ated horizontal visual ranges, V, although the optical thickness of the 
atmosphere at each wavelength is the variable used in the calculations. 
The profiles chosen represent two substantially different conditions 
(V = 23 km, clear; and 10 km, hazy). In addition, a relatively small 
displacement from each of these conditions was selected, i.e., V - 20 
and 8 km. The V = 20 case represents roughly an 8% increase in optical 
thickness from V = 23 , while’ the V = 8 case represents roughly a 15% 
increase in optical thickness from V — 10 . As a background albedo, the 
average reflectance of a large collection of spectra for green leaves 
was used. 

3 . 5 SURFACE PARAMETERS 

For thermal calculations, a 300°K surface target temperature was 
assumed, along with a 300. 5°K target, to allow the calculation of the 
radiance change, AL, for a target temperature change, AT = 0.5°K, in 
addition to total radiances . 

For surface reflectance properties, two green wheat canopies, with 
approximately 14% and 79% ground cover, respectively, were simulated. 
The underlying soil was assigned Condit*s mean soil reflectance 
spectrum [6] . Spectral parameters were readily available only from 
0.4 to 1.1 pm for these canopies. 
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3.6 OVERALL EQUATION FOR REFLECTIVE-BAND RADIANCE S^iULATIOH 

The basic equation used for computing reflective spectral radiances, 
L(X) , at the satellite is: 


^ ° t l ^Sun ' ^Bidirect ^Sky * ^Diffuse/^ ^Path 


(7) 


where 


and 


S 


E 


Sun 

A 

Sky 


is the direct solar spectral irradiance, 
is the diffuse sky spectral irradiance,.. 


p„.j, is the bidirectional spectral reflectance of 

X xrec surface, relative to that of a perfect 

Lambertian surface, 

is the Lambertian (i.e., diffuse) spectral 
^ reflectance of the surface, 

T^ is the spectral transmittance of the atmosphere, 

^ath spectral path radiance. 


These individual quantities also have varying degrees of dependence on the 

geometry of the situation, with the radiance itself depending on both the 

sun and view geometries. Of the spectral quantities in Eq. (7), all were 

A X 

computed with the Turner model, except *^D±ffuse were 

computed with the Suits ^ model. 

The effective inhand radiance for Thematic Mapper Band i was obtained 
by integration, i.e,. 


L. = 

X 


R^(X)L(X)dX 


( 8 ) 


where R^(A) is the relative spectral 
calculations were carried out with a 
summation of products to replace the 


response function for Band i. The 
spectral interval of 0.01 pm and a 
continuous integration indicated in 
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4 

RESULTS AMD ANALYSIS FOR THERMAL BAND 

Because there is insignificant reflection of solar radiation in 
the thermal spectral region, one need consider only the influence of 
viewing geometry on atmospheric effects, omitting the bistatic solar 
geometry necessary for the reflective channels. 

When scanning through a constant atmosphere, a conical scanner 
will induce no variation in atmospheric effects but a linear scanner 
will. To explore the extent of this variation, calculations were made 
with the ERIM thermal radiative transfer model, using the five standard 
atmospheres previously described. Path transmittance, path radiance, 
and total radiance in the 10.29-to-12.50-ym spectral passband at the 
sensor were calculated . The results are presented in Table 1 . As a 
point of interest, the change in radiance for a 0.5°K change in target 
■temperature also was calculated and included in Table 1. 

The results show very little change in total target radiance in 
going from a 0° to an 8° scan angle. This is due in part to the opposite 
effects of increased path length on transmittance and path radiance. 

Fig. 7 illustrates the miniscule changes that occur in total inband 
radiance in the presence of the drastic differences in path transmittance 
that exist for the five atmospheres considered. 

The other potential source of atmosphere-related signal variation 
lies in the atmospheric conditions throughout the scene. Because of the 
slightly longer path length with the conical scanner, the effect of atmo- 
sphere inhomogeneities would be slightly greater for it than for the 
linear scanner. Using a simplified expression for the thermal radiance 
at the spacecraft, one can derive an expression for the variance in received 
radiance from both linear and conical scanners, and determine the conditions 
under which the two variances would be equal. Such an analysis follows. 

*This analysis was suggested by Mr. Jerry L. Beard of ERIM. 
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Assume, for deviations about a reference condition, that 


L = L T + L’(l - t) 
o p' 


where 


L = total radiance 


= target radiance at surface 

Lp = scaled path radiance for the reference condition, 

i.e. , l' = L • (1 ~ T 4 ^) ^ 

P Pref PPf 


T = transmittance. 


Letting 


T = e 


leads to : 


k = absorption coefficient 

X == slant path length through the atmosphere 


T T “kx , , » -kxv 

L = Le. +L(l-e ) 
o p'- 


Taking partial derivatives, one obtains: 


= -kxe‘'“(L + 

^ o p \x k y 


9L = C 


/^Sx 3k ^ 

{-*rj 


C = -kxe“^(L - l' ) 
' o p*^ 
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2?Ri 


2 

Assuming x and k to be independent, the variance (8L) in L is approxi 
inately 

2 2 • 

(3L) = C 

For the conical scanner, 3x = 0 and k = (sec 18°)k = 1.05 k , 

c o o 

while for the linear scanner, 3x = (sec 8° - l)x = O.Olx and fc^ = k^. 

2 2 3k 

Letting linear solving for ^ , one obtains 




(13) 



Some sample values for the condition where the conical variance would 
reach the linear variance are: 

For T = 300°K 


— k_x 
T a e ° 

(^) 

Approx . 
C 

Approx . 
(C/L) 2 

0.4 

0.165 

“0.367 

0.036 

0.6 

0.047 

-0.398 

0.044 

0.8 

0.036 

-0.286 

0.023 

0.9 

0.034 

-0.175 

0.008 

approximate values 

for C and 

(C/L)^ were 

computed using interpolated 


values from Table 1. The right-hand column in the above table shows that 
roughly 1 to 4% of the variance from the atmosphere and/or path length would 
be reflected in the variance of the received radiance, i.e., 




( 15 ) 
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Furthermore, in cases where the (3k/k) term dominates, the conical 
variance would not be expected to exceed 1.1 times the linear variance. 

The atmosphere profiles in Table 1 represent large changes in the 
absorption coefficient, k. If one were to move from a condition corre- 
sponding to the Arctic Summer profile at one end of a scan to one corre- 
sponding to the Temperate Summer profile at the other end, a nearly 40% 
change in absorption coefficient would occur. Yet, as can be seen in 
Table 1 and Fig. 8, the change in radiance from a 300°K target would 
be less than that caused by a 0.5°K change in target temperature. 

Normally, the changes encountered in atmospheric parameters throughout 
a frame would be expected to be smaller than those illustrated here. 

In summary, there would be very little difference between atmospheric 
effects in signals generated in the thermal region by a Thematic Mapper . 
with a conical scan and by one with a linear scan. 
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RESULTS MD ANALYSIS FOR REFLECTIVE BANDS 

The geometry of the sun relative to scanning directions is very 
important to signals in the reflective region of the spectrum. Con- 
sequently, results of our geometrical calculations are presented and 
discussed before the simulations of total radiance, atmospheric effects, 
and surface reflectances are presented and discussed. 

5 . 1 GEOMETRICAL FACTORS 

Two special cases of scanner-sun geometry are of interest — 

(a) when the scattering angle approaches 180°, i.e., when the scanner 

view direction approaches the spacecraft shadow point (this also corre- 
sponds to the so-called "hot spot" for surface reflectances, as defined 
by photointerpreters) and (b) when conditions exist that are favorable 
for specular reflection from the Earth's surface into the scanner field 
of view, i.e,, the so-called "sun glint" condition. Both depend on the 
sun's position relative to the direction of view. 

5.1.1 SUN POSITIONS 

Tables 2 and 3 present the approximate values for solar zenith and 
solar azimuth angles which were used in the radiance simulations. These 
angles were extracted from Ref. 4 for solar times of 9:30 AM and 11:00 AM; 
latitudes of 40°N, 0°, and 40°S; and dates of Jun 21, Mar /Sep 21, and 
December 21. For comparison. Tables 2 and 3 also present the more precise 
sun positions computed for Thematic Mapper orbits having 9:30 AM and 
11:00 AM (GMT) equator crossings at 0° longitude. The agreement is good 
at 0°, as would be expected, but the approximate values at +40°N differ 
by up to 5° in solar zenith and up to 12° in solar azimuth. These 
differences are not believed to be great enough to adversely affect the 
general analysis of simulated radiances and the conclusions dra\im. from it; 
however, use of specific magnitudes should be m.ade with caution. 
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Graphs of the more accurate solar zenith and solar azimuth angles 
are plotted in. Figs. 9-12 as a function of latitude from 70°N to 70°S 
for the two orbits. The minimum solar zenith angle occurs on June 21 
in mid-northern latitudes and is approximately 30° for the 9:30 orbit 
and 12° for the 11:00 orbit. In December, when the minimum solar zenith 
angles occur at southern latitudes, the westward motion along the orbit 
track causes the minimum to be larger than for northern latitudes in June, 
Tabulations of the angles plotted may be found in Tables 4-21 which pre- 
sent geometry synopses for the various orbits, dates, and scan modes. 

(Note that sunlight disappears for 0^ >. 90°, neglecting refraction.) 

5,1.2 SCATTERING ANGLES AND THE BACKSCATTER CASE 

As will be shown later, in the simulated radiances, atmospheric 
path radiance is the major component of signals in the shorter-wavelength 
spectral bands. The atmosphere Is a very non-lsotropic scattering medium.. 
In other words, the amount of radiation scattered into a given direction 
from an incoming beam of sunlight depends strongly on that direction, 
i.e., on the scattering angle. Figs. 13 and 14 (from Ref. 5) illustrate 
the orders of magnitude differences that exist in the amount of radiation 
scattered in different directions by atmospheric aerosols . Note how the 
amount of scattered radiation decreases drastically and rapidly from 0° 
scattering angle until it reaches a minimum at about 115° and then rises 
again as one approaches the pure backs cat tering case at 180° scattering 
angle. Fig, 14 is an enlargement of the 90°-to-180° portion of the 
1 = 0.45-pm curve of Fig, 13. This region is of particular interest since 
it encompasses nearly all the direct scattering angles computed for the 
Thematic Mapper and presented next in Figs. 15-20. 

Several facts should be kept in mind when Figs. 13-20 are examined 
and compared. First, the maximum change in scattering angle that can 
occur during one linear scan sweep is 16°; for purposes of discussion, 
let us consider a 10*^ change. If this change were to occur from 110° 
to 120°, very little change in path radiance would be expected, based on 
Fig. 14, On the other hand, if it were to occur anywhere in the interval 
between 130° and 160°, a substantial scan angle effect might be expected. 
Also, one might expect the average magnitude of path radiance to he greater 
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for angles from 150° to 160° than for those from 110° to 120°. While 
essentially accurate, the expectations based on the single-scattering 
phase functions of Figs. 13 and 14 and the direct (or single-scattering) 
scattering angle, 6, of Figs. 15-20 should be tempered by the fact that 
multiple scattering takes place in the atmosphere. The radiance simu- 
lations in this report incorporate multiple scattering effects (See Figs 62-63) 

Scattering angles computed for the 9:30 and 11:00 orbits are pre- 
sented in Figs.. 15 and 16 for the linear scan mode, while the forward- 
looking conical scan mode is portrayed in Figs. 17 and 18. All scattering 
angles for a June pass, for example, would lie on or between the curves 
plotted with the symbols "1" and "2". An "X" denotes the intersection 
of two or more curves. For any given time of year, the scattering angles 
exhibit a pattern which is low for the extreme latitudes considered and 
higher for an intermediate latitude. A change in month of year causes a 
latitude shift of the pattern. 

A comparison of curves for the two scan modes at either time shows 
that, although different scattering angles occur at a given latitude, 
nearly identical ranges of angles occur for the two scan modes throughout 
the entirety of the latitude 'range . In fact, the two plots overlay almost 
exactly if the conical scanner plot is shifted by 18° toward Northern 
latitudes. Then, one finds the only difference to be a -very slightly 
smaller range of scattering angles on a given date for £the conical scanner 

at any fixed latitude; also, the mean range over all latitudes is slightly 
smaller for the conical scanner (See Table 22). 

There are four differences between scattering angles computed for the 
11:00 and 9:30 orbits. First, a change in season of the year causes a 
greater shift for 9:30 than for 11:00 in the latitude at which the maximum 
scattering angle occurs. Second, there is a substantial reduction (v20°) 
in maximum scattering angle for 9:30 from that for the 11:00 orbit and, 
third, average values for 9:30 are 10° less than for 11:00. Further, the 
average spread of scattering angles induced by differing scan angles during 
one scan for 11:00 is roughly 2/3 that for 9:30. Specific values leading 
to the last three observations are present in the statistics of Table 22. 
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The fon-jard—looking mode for the conical scanner is not the only 
possible configuration. For example, it could just as well look rear- 
ward. Another set of calculations was made, therefore, to explore the 
range of scattering angles that would result from a rearward-looking 
Thematic Mapper. These results are presented in Figs. 19 and 20. Here 
again, the pattern is very similar to that of Figs. 15-16 (and 17-18), 
this time they match best if the rearward-looking conical curves are 

shifted toward Southern latitudes. Table 22 shows the rearward-looking 
scanner to have slightly lower maximum, average, and range of scattering 
angles than the other two scan modes. 

From an examination of Figs . 15-20 , one cannot find an obvious 
basis for choosing between the linear and conical scan modes , without 
restricting the latitudes considered (e.g., scattering angles for the 
mid-northern latitudes on the average are lowest for the forward-looking 
conical scanner). As far as choosing between the two orbit times, the 
9s30 orbit clearly has smaller scattering angles which should reduce 
some of the atmospheric path radiance effects ; this relationship V7ill be 
explored more fully in later sections . 

5.1.3 RELATIVE AZIMUTH ANGLES AND THE SPECULAR CASE 

The critical relative azimuth angle for the specular reflection 
case is 180°, i.e., when the sun and the sensor ;re in opposite directions 
from the surface point being observed, as discussed earlier. Relative 
azimuth angles' were computed using the relationships described earlier 
in Sec. 3.2. Tables 4-21 contain values for each of the three scan modes. 
In addition, the values are plotted for the two orbits in Figs. 21 and 22 
for the linear scan, Figs. 23 and 24 for the (forward-looking) conical 
scan, and Figs. 25 and 26 for the rearward-looking conical scan. All scan 
angles in the western half of the linear scan pattern have relative azimuth 
angles plotted with odd-number symbols in Figs . 21 and 22 , while those on 
the eastern half are plotted with corresponding even-number symbols. For 
the conical scanners, on the other hand, relative azimuths range continu- 
ously between the extreme values plotted, e.g., between curves 1 and 2 
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for June, Relative azimuth values were restricted to the range 0° to 
180° for plotting purposes by reflection about axes at 0° and 180°, 
where necessary, because the sign of the relative azimuth is immaterial 
to the calculations. 

From Figs. 21 and 22, it is clear that the relative azimuth angle 
will equal 180° once each Thematic Mapper pass with a linear scan mode. 

The latitude af which this will occur depends on both the month of year 
and time of day, ranging at 11:00 AM- from roughly 25°N latitude in June 
to 20°S in December and at 9: 30 ‘AM from 35°N in June to 20°S latitude 
in December. A comparison of these figures with the solar zenith angles 
plotted on Figs. 9 and 10 shows that when t|» = 180°, the sun is near its 
minimum zenith (maximum elevation) angle. Since the maximum linear scan 
zenith is 8°, the smaller the solar zenith, the greater the chance of 
specular reflections. The likelihood is much greater at 11:00 than at 
9:30 because their solar zenith angles corresponding to = 180° are 
approximately 14° and 34°, respectively. 

For the conical scanner, on the other hand, Figs. 23 and 24 show that 
the relative azimuth angles never reach 180° for the 9:30 orbit, but do 
so on the eastern side of the swath in winter months for the 11:00 AM orbit. 

A more thorough evaluation of the potential for solar glint, such as 
from water surfaces which may not be horizontal, involves computation of 
the surface slope angle, d, at which specular reflection could occur 
(See Sec. 3.3). Calculations were made of 6 at latitude increments of 5° 

from 70°N to 70°S for nine scan angles (e.g,, -8°, -6°, -4°, -2°, 0°, 2°, 

4°, 6°, and 8° for the linear scanner) that span the entire lOO-kra-wide 
surface coverage swath of the Thematic Mapper. This permitted a mapping 
of the zone of potential glint problems for each orbit time, time of year, 
and scan mode. 

Fig. 25 presents six such maps for the linear scan mode. Consider 
yourself to be looking down on a strip map of a Thematic Mapper orbital 
pass; East, the general direction of the sun, is up and North is to the left. 
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Each spatial cell in this map is represented by a symbol which indicates 
the severity of the glint potential in it. A "5" indicates that a specu- 
lar surface with a slope of as little as 5° could produce sun glints. 
Similarly a "4" indicates that a slope of 10° or more would be required, 
and so forth to a "1" for slopes of 30° or more and a blank for required 
slopes greater than 30° . 

A comparison of the maps in Fig. 25 shows that the glint potential 
is substantially greater for the 11:00 orbit than for the -9:30 orbit. 

For the most part, slopes of 20° or more are required for glint at 9:30, 
while substantial areas having 10° slopes at 11:00 could produce glints. 
The reason for this is the higher sun elevation angles (smaller sun 
zenith angles) at 11:00. The latitude region for high glint potential 
shifts from predominantly northern latitudes in June to predominantly 
southern latitudes in December. The glint potential is most severe in 
June. 

To interpret these maps for the case of sun glint off water, the 
higher the slope required, the rougher is the sea state required to 
produce glint conditions. For complete interpretation, the correspondence 
between surface slope distribution and sea state is needed. The calcula- 
tions here assume a random azimuthal orientation of the wave surfaces 
which produce specular reflections. If there were a non-random preferred 
azimuthal alignment of the waves, glint would not be found in as large a 
region as is indicated on these maps for any given surface slope. 

Maps of potential glint zones for the conical scanner, presented in 
Fig. 26, are very similar to those for the linear scanner. Again, the 
glint potential is substantially greater for the 11:00 AM orbit. 

The 9:30 maps from Figs. 25 and 26 are duplicated and presented 
together in Fig. 27 to facilitate comparison of the glint zones for the 
two types of scan. The conical scanner zones of glint for severity levels 
2 and 3 appear to be a little smaller than those for the linear scanner, 
and are shifted toward northern latitudes. 
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Similar maps also were generated for the rearward-loolcing conical 
scanner and are presented for both orbits in Fig. 28. The sizes of the 
severity 2 and 3 zones for the reart^ard case are a little larger than those 
for the forward case, being nearly identical to' those for the linear scanner. 
The southward shift of the glint zone for the rearward-looking case is evi- 
dent in Fig. 29 which presents maps for the two conical scanners for 9:30 
orbits. 

5.2 RADIANCE SIMULATIONS 

Calculations were made employing the realistic simulation models 
to determine the dependence of key radiation quantities on the particular 
levels of the sensor, atmospheric, and surface factors of interest, which 
have been discussed previously and are summarized in Table 23. Figs. 30-61 
display these quantities as a function of particular subsets of these 
factors and levels. A brief presentation and explanation of these figures 
will be given before they are discussed and conclusions are drawn from 
them. 

5.2.1 RESULTS 

Figs. 30-32 display total inband radiances in Bands 0.45-0.52, 

0.63-0.69, and 0.74-0.91 ym, respectively, calculated for one vegetation 
canopy (dense green wheat) . At each point along the ordinate, ten data 
values are plotted, representing five levels of scan geometry and two 
levels of atmospheric visibility. The headings and dashed lines indicate 
the order in which factors and the levels within each factor vary along 
the ordinate. These factors, from most slowly varying to most rapidly 
varying, are: time of day (9:30, 11:00 AM), scanner configuration 

(conical, linear); latitude (40°N, 0°, 40°S) ; time of year (June, March, 
December) ; and atmospheric condition (hazy, clear) . The symbols indicate 
the number of values within each display cell — for one, "2-9" for 

two through nine, and "X" for ten or more. The "hazy" atmosphere denotes 
calculations for five scan angles for each of two visibilities, 8 and 10 KM, 
while the. "clear" atmosphere denotes those for visibilities of 20 and 23 KM. 
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Figs, 33 and 34 display the scan angle dependence of total inband 
radiances in Band 0. 45-0. 52 pm for the same vegetation canopy but each for 
one time of day, 9:30 and 11:00 AM, respectively. At each point along the 
ordinate, two data values are plotted, corresponding to visibilities of 23 
and 8 KM. The factors varying along the ordinate from slowest to fastest 
are; scanner configuration (conical, linear); latitude (40°N, 0°, 40°S) ; 

time of year (June, March, December); and scan geometry. There are five 
scan geometry levels for each scanner configuration: scan angles of 

-8°, -4*^, 0°, +4° and +8° ranging from East to West for the linear scanner 
and azimuth scan angles of —24°, -12°, 0°, +12° and +24 , also ranging 
from East to West for the conical scanner with a cone angle of 18 . 

Figs, 35-36 and Figs. 37-38 represent the same displays of total inband 
radiance but in Bands 0.63—0.69 pm and 0.74—0.91 pm, respectively. 

To permit an assessment of the relative contributions of the ground 
and the atmospheric path to total radiance. Figs. 39-42, 43-46 and 47-50 
display both total inband radiances and ground inband radiances in three 
four-plot groups, corresponding to Bands 0.47-0,52, 0.63-0,69, 0.74-0.91 pm, 
respectively. Equation (7) expresses total radiance as the sum of two 
components , the path radiance and a term dependent on the ground reflectances 
this latter term will be referred to hereafter as ground radiance. Within 
each group , each plot displays these two quantities for the same vegetation 
canopy as previous plots and for a fixed time of day and atmospheric visi- 
bility. The times of day are 9:30 and 11:00 AM and the visibilities are 
8 and 23 KM. The particular combination of time of day and visibility 
for each plot is indicated in its title. The factors and levels included 
in these plots are the same as those in Figs. 33-38. 

Figs. 51-52 and 53-54 also are plots of total inband and ground 
inband radiances for Bands 0.45-0.52 and 0.74-0.91 pm, respectively, but 
they are calculated for a different vegetation canopy (sparse green wheat) . 
The time of day is fixed at 9:30 AM and the visibility is fixed in each 
plot as either 8 or 23 KM, as indicated in the title. 
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Figs. 55-58 display inband path radiance in Bands 0.45-0.52, 0.63-0.69, 
0.74-0.91, and 1.55-1.75 ym, respectively. At each point along the ordinate 
two data values are plotted for visibilities of 23 and 8 KM. The time of day 
is held fixed at 9:30 AM. The factors and levels included in these plots are 
also the same as in Figs. 32-38. 

Finally, Figs. 59-61 display total surface irradiances (direct 
solar plus diffuse sky) for Bands 0.45-0.52, 0.63-0.69, 0.74-0.91 ym, 
respectively, for the two times of day on each plot. 

5.2.2 DISCUSSION 

The simulations of inband Thematic Mapper radiances and atmospheric 
effects within them have demonstrated the relative importance of a number 
of key factors which affect these radiances . 

Time of day is a major factor, as is evident in Figs. 30-32 where 
total radiances are presented for the bands 0.45-0.52, 0.63-0.69, and 
0.74-0.91 ym at 9:30 and 11:00 AM Solar Time, The consistently larger 
magnitudes at 11:00 AM are due in large part to the smaller sun zenith 
angles (higher sun elevation angles) that exist at 11:00. As illustrated 
in Figs. 59-61, the total irfadiance decreases markedly as sun -zenith 
angle increases. Another observation made from the data, but not illus- 
trated in this report, is that the ratio of diffuse to direct irradiance 
increases as sun zenith angle increases; this effect keeps the falloff 
rate lower than it would be if only direct irradiance were present. 

Another feature of Figs. 30-32 is that the variances, as well as 
the magnitudes, present in the radiances are greater at 11:00 AM than at 
9:30 AM. These variances are shown to depend on two other factors, 
latitude and time of year, which affect the levels of inband radiance in 
substantial ways , again in large part due to related changes in sun 
geometry. Another important relationship is the effect of these factors 
on the scattering angles present, as will be discussed later in more 
detail. 
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There are two remaining factors identified in Figs. 30-32, i.e., 
scan mode and atmosphere condition. Discussion of scan mode will be 
deferred until later . Average radiances for hazy conditions are con- 
sistently higher than those for clear conditions in the 0.45-0.52- and 
0.63— 0.69— pra bands, but the opposite is true for 0.74-0.91 pm. Also, 
the amount of variability decreases as the wavelength increases . Two 
reasons for these effects (e.g., see Ref. 7) are: (a) both the amount 

of scattering in the atmosphere and the overall effect of the atmosphere 
on radiance signals is greater at shorter wavelengths and (b) the relative 
effects of path transmittance and path radiance on the total radiance 
depend on the background albedo as well as on the amount of atmospheric 
haze present. Relative to (b) , Fig. 3 of Ref. 7 shows that total 
radiance (at 0.95 pm) could either increase or decrease with increased 
amounts of haze, depending on the value of background albedo (which has 
a strong effect on path radiance). Table 24 lists the background albedos 
used in the current simulations. 

The scatter of points under the hazy and clear conditions represents 
largely the scan angle dependence of total radiance, combined with small 
changes in atmospheric condition (e.g., visual ranges of 8 and 10 km for 
hazy and 20 and 23 km for clear). Figs, 33-38 display the scan angle 
dependence explicitly on an expanded scale for the 8- and 23-km visual 
ranges. Where scan angle variations are large, there is an equal or 
greater change in total radiance over the range of scan angles for one 
visibility than there is in changing from V=8 to V=23 km for a given angle . 
In Figs. 33-36, for the 0.45-0.52- and 0.63-0.69-pm bands, there is 
generally an increase in total radiance as one scans from the eastern to 
the western side of the ground swath. On the other hand, in Figs. 37 
and 38 for the 0.74-0.91-pm band, there is a V-shaped pattern for the 
linear scanner and a predominantly constant or slightly rising E-to-W 
pattern for the conical scanner. As will be shown next, these scan angle 
dependencies originate predominantly in path radiance for the 0.45-0.52- 
and 0.63-0.69-pm bands and in ground radiance for the 0.74-0.91-pm band. 
The magnitude of the scan-angle-dependent variations is greatest at 
11:00 AM and for the shortest wavelength band. 


39 



FORMERLY WILLOW RUN LABORATORIES THE UNIVERSITY OF MICHIGAN 



An examination of Figs. 39-42, shows first that ground radiance 
is a relatively small fraction of total radiance for both visual ranges . 
Thus, path radiance is the dominant term in the 0.45-0.52-ym band. 

Second, ground radiance exhibits almost no scan angle dependence, so 
the major source of scan angle variations in this band is the path 
radiance. Ratios of ground radiance to path radiance are roughly the 
same for the two orbit times for comparable conditions . 

A lack of scan angle dependence in ground radiance is similarly 
found in Figs. 43-46 for the 0.63-0.69-pm band. Also, path radiance is 
still the major component of total radiance, but not by as large a 
factor as for the shorter wavelength band . 

Figs. 47-50, for the 0.74-0.91-ym band, exhibit ground radiances 
with scan-angle dependent patterns that are very similar to those for 
total radiance. Therefore, it is a combination of surface bidirectional 
reflectance and path transmittance that produces these angle effects. 

Also, it is evident that, at these longer wavelengths, path radiance 
comprises only a small fraction of the total radiance. For the linear 
scanner, the longer path length for off-nadir angles would result— in 
more attenuation, giving rise to an inverted-V shape in radiance vs 
scan angle, as opposed to the V shape observed. Thus, it must be sur- 
face bidirectional effects which predominate. The main reason for the 
observed pattern is that, in the band of interest, the soil's reflectance 
is lower than the vegetation's reflectance so the overall reflectance is 
lowest at the nadir when most soil is being viewed and is highest at the 
scan angle extremes when least soil is being viewed. The converse is 
true in some of the other spectral bands. Another interesting point is 
that bidirectional reflectances of wheat for the conical scanner tend to 
be less variable than for the linear scanner, due to the constant zenith 
angle of view. 

All total and ground radiances discussed to this point ha'ra been 
for the denser of the two wheat canopies simulated. Figs, 51-54, for 
the sparser canopy, display the total and ground radiances for two spectral 
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bands at 9:30 AM. For the 0 .45-0 .52-ym band, they are higher for the 

sparse canopy than for the dense, whereas the opposite is true for 

the 0 .74-0 .91-jim band. This pattern is consistent with the average 
reflectance values listed in Table 24 for these two vegetation canopies. 
Angle effects are similar for the two canopies , but appear to be of 
lesser magnitude in total radiance for the sparse canopy at the longer 
wavelengths , 

Path radiances alone can be examined in Figs. 55-58 at 9:30 AM 
as a function of the various factors for four spectral bands, including 

1.55-1. 75-ym which was not simulated in total radiances. The scan-angle 

and time-of-year dependencies are clear in these figures , with scan 
angle effects becoming progressively smaller as the wavelength increases 
and/or as the haze content decreases (visual range increases) . Path 
radiance magnitudes at 1,55-1.75-pm are very small. 

The path radiance effects which were simulated can better be inter- 
preted in light of other analyses that were carried out . Figs , 62 and 63 
are scatter diagrams of 0.45-0.52-ym band, path and total radiance, 
respectively, vs. the direct radiation scattering angle previously 
defined. Values for all four visual ranges, all scan angles, both scan 
modes, and both times are included, with each plot symbol indicating 
the nimiber of cases in the particular display cell. Both radiances have 
a clear dependence on scattering angle, 

A coarse measure of the degree of this dependence is the correlation 
coefficient between the two variables . Table 25 presents three corre- 
lation matrices computed for the total radiance values, one lumping all 
visual ranges together and the others stratifying them according to hazy 
(V=8 and 10 km) and clear (V=20 and 23 km) . The bottom line of each 
matrix gives the correlation coefficient between the scattering angle 
and radiances in each of the six wavelength bands analyzed. The corre- 
lation is highest ('\-0.85) for the shortest wavelength band and decreases 
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as the wavelength increases. This relationship is consistent with the 
preponderance of path radiance in the short wavelength bands and its 
diminishing fraction of total radiance at the longer wavelengths. The 
correlation is greater for the hazy condition than for the clear one 
in every band except the first where they are approximately equal. 

This again is consistent with the fact that path radiance comprises a 
greater fraction of the total radiance for hazy conditions. 

The upper parts of the correlation matrices of Table 25 also are 
of interest for the Thematic Mapper. These contain the between-spectral- 
band correlation coefficients. At an early stage of sensor specification, 
the 0. 74-0. 91-pm band was present as two separate bands, 0.74-0.80 ym 
and 0.80-0.91 ym. These two were then combined into the single band because 
of studies which showed them to be highly correlated with little or no 
independent information present in one, given the other. While by no 
means being a definitive measure, since only two surface covers were 
included and separations in spectral space were not computed, the very 
high correlations present between the simulated radiances in these bands 
(i.e., ^0.9993) serve as an independent source of information which 
tends to support the prior decision to combine the two bands . 

5.3 JOINT INTERPRETATION OF GEOMETRIC AND RADIANCE SIMULATIONS FOR 

COMPARISON OF SCAN MODES 

The primary objective of this study was to determine the differences, 
if any, between atmospheric effects that would be present in linear and 
conical scanning geometries for the Thematic Mapper. The three latitudes 
chosen early in the study for radiance simulations (40 N, 0 , and 40 S) 
did permit a demonstration of the influence of atmospheric variables and 
other factors on Thematic Mapper radiances, but by themselves do not 
permit a definitive comparison between the linear and conical modes of 
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scanning. The reason for this deficiency lies in the patterns of 
scattering angles that apply throughout entire orbital passes from 
70°N to 70°S latitude. 

As was shown in Figs. 15-20 and Table 22, the range of scattering 
angles encountered by the different scan modes for each orbit are quite 
similar. However, the latitudes at which the peak scattering angles 
occur for any given date are shifted relative to each other for the 
scan modes considered. Since it also has been shown that path radiance 
magnitudes and scan-angle variations depend on both the mean scattering 
angle and the deviation from 'it during one scan, a definitive radiance 
simulation should include latitudes and times which represent the 
extreme conditions that would be encountered with each scan mode. 

The three latitudes selected do not give such a representation of 
the scattering angles, so one should not base a comparison of the two 
scan modes on the absolute magnitudes simulated and presented side by 
side in Figs. 30-58. A fairer comparison using data generated in this 
study would be based on scattering angles calculated for the entire 
orbits, in view of the strong relationship that has been demonstrated 
between scattering angle and both path and total radiance (especially 
in the 0.45-0.52-pm band for which atmospheric effects are greatest). 

From the statistics summarized in Table 22, one would expect very 
little difference between atmospheric effects with the linear and the 
conical scan modes over the full range of latitudes . The conical mode 
perhaps would have slightly smaller effects on the average, with a 
rearward-looking scanner having a slight advantage over a forward- 
looking scanner. Another fact, for which it is more difficult to esti- 
mate an effect without added radiance simulation, is that the minimum 
sun zenith angles occur with the maximum scattering angles for the linear 
scanner, but are displaced in latitude for the conical scanners. If one 
were to restrict the latitudes of consideration, e.g., to the mid-northern 
latitudes, substantial differences might exist btLween scan modes. 
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Given; ({>„ = 17.88° 

Con 

H = 705 Km 

W = Swath Width = 185 Km 

Then; R = H tan = 227 Km 

Con 



FIGURE 1 


CONICAL SCAN COVERAGE PATTERN 
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Part (a) In Plane of Sun, Target, and Sensor 


ZENITH SENSOR 



Part (b) General Case 


FIGURE 2. DEFINITION OF SCATTERING ANGLE, x; 

SUN-TARGET-SENSOR ANGLE, y; AND 
RELATIVE AZIMUTH ANGLE, . 
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FIGURE 3. GEOMETRY FOR SPACECRAFT HEADING 
N N. 



FIGURE 4. GEOMETRY FOR RELATIVE AZIMUTH ANGLES, LINEAR SCAN MODE 
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SUN 



For perfect horizontal mirror, specular reflection 
observed only for 0=0; non-perfect non-horizontal 
reflectors will produce a cone of angles in which 
specular reflections will be observed. 


Part (a) Horizontal Surfaces 
FIGURE 6. GEOMETRY FOR SPECULAR REFLECTIONS 
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Part (b) Non-Horizontal Surfaces 
FIGURE 6. GEOMETRY FOR SPECULAR REFLECTIONS 
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DEIRMENDJIAN'S CONTINENTAL TYPE AEROSOL 
[From Ref. 5] 
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FIGURE 14. COMPARISON BETWEEN EXACT SINGLE SCATTERING 
PHASE FUNCTION AND APPROXIMATE LEGENDRE SERIES EXPAN- 
SION IN THE BACKWARD HEMISPHERE FOR DE ERM END J IAN’S . 
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FIGURE 25. 


MAPS OF POTENTIAL SUN GLINT ZONES, THEMATIC MAPPER ORBITS 


(9:30 AND 11:00 AM EQUATOR CROSSINGS); LINEAR SCAN. 


Key ; Numbers indicate surface slopes (0° = horizontal) 
for which glint conditions could exist: 

1 = > 30° 4 = i 10° 

2 ■= i 20° 5 = >. 5° 

3 ■= > 15° 
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FIGURE 27. COMPARISON OP LINEAR AND CONICAL POTEKIIAL GLINT ZONES, THEMATIC MAPEES: ORBIT. 9:30 AM EQUATOR CROSSING. 

Kay ; Numbers indicate surface slopes (0° = horizontal) 
for which glint conditions could exist: 

1 =■ > 30° A = i 10° 

2 = 1 20° 5=^5° 

3 = > 15° 
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figure 28. HAPS OF POTEHTIAL SUK GLINI ZONES, IBEMTIC HAPPSR ORBITS (9t30 AND llsQO A31 EQUATOR CROSSINGS); CONICAL SCAN, REARWARD LOOKING 

Kay » Nuinbers indicace surface slopes (0° = horizontal) 
for which glint conditions could exist: 

1 “ i 30° 4 “ i 10® 

2 » i 20° 5 => i 5° 

3 >= > 15° 
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FIGURE 29. COMPARISON OF POTENTIAL GLINT ZONES, FOR FORWARD- AND REARWARD-LOOKING CONICAL SCANNERS, THEMATIC MAPPER ORBIT, 9:30 AM EQUATOR CROSSING. 


Key ; Numbers indicate surface slopes (0° = horizontal) 
for which glint conditions could exist! 

1 = >. 30° 4 = i 10° 

2 = >. 20° 5=^5° 

3 “ > 15° 
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FIGURE 30. FACTORS AFFECTING TOTAL RADIANCE, 0, 45-0,52-iim BAND 
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FIGURE 31. FACTORS AFFECTING TOIAI RADIANCE, 0.63-0.69-Um BAND 
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FIGURE 57* FACTORS AFFECTING PATH RADIANCE; 9;30 AM> V-8 AND 23 KM, 0.74-0,91-vm BAND 
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FIGURE 60. DEPENDENCE OF TOTAL IRRADIANCE ON SOLAR ZENITH ANGLE; 
ALL CONDITIONS, 0.63-0.69-MM BAND 
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FIGURE 62. SCATTER DIAGRAM IDLUSTRATIHS THE CORRELATIOH BETHEEH PATH RADIANCE AMD SCATTERING ANGLE; 
0.45-0. 52-010 BAND, BOTH TIMES, ALL FOUR VISUAL RANGES 




INBAND RADIANCE (aK/co'^-sr) 


SCAlTtB PU'^T <l> HA3t CAN:J CAShS=CASE# : 1 -1 B'Jfl 

N= Tin OUT t)^ 7?0 101.TPrtU-3.S2 VS. 1U.8CAT ANO 

TP0US.S2 
l.flOOO + 


t ,oPOI) 


1 .UOOl) 


i.aooo 


I .onoo 


.AOnon 


.feOoOn 


.aooon 


.dOUflO 


Hr 

3 

3 

* 3 


♦ 

kH 

i* 

+ *2 


* 

2*2 
22S*« 
**322 
*432 * * 
**3*u?* 223 
♦» 534 2 52/ 
*33336 *24522* 

* 342635**736 S** 
222534964446345*2 
* 6»669e4655532 

344 6332V8449BB2** 

* *66546*54 453**2 * 

4d ? 2 5*6 72 722244*24 * 2** 

2 ?42 «2 32* 32223326X2 'u 2 22* 

? 2 P2 323 522? * 


2 

» «** 
*** * 
23* » 
22 ** 

2 * * 

2 3 
2 2*2 

*443 * 

3 * 

2 


TTj Q 

l| 

Cm ^ 

bI 


0 . 




— t,- — t -+— — + 


,,.000 110.00 130.00 150.00 170.00 *NG 

(04 1)1) (20.00 140.00 160.00 160,00 


FIGURE 63, SCATTER DIAGRAM ILLUSTRATING THE CORRELATION BETWEEN TOTAL RADI,\NCE AND SCATTERING ANGLE} 
0.A5-0.52-„m BAND, BOTH TIMES, ALL FOUR VISUAL RANGES 



106 


TABLE 1. SUMMARY OF RADIATIVE TRANSFER MODEL CALCULATIONS 

FOR THEMATIC MAPPER THERMAL BAND 
(A = 10.29 to 12.50 Mm, Sensor at Satellite Altitude) 


Radiance (milliwatts/cm^.sr) 
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TABLE 2. COMPARISON OF APPROXIMATE GEOMETRY USED FOR RADIANCE SIMULATIONS TO MORE 
PRECISE GEOMETRY BASED ON THEMATIC MAPPER ORBIT, 9:30 AM EQUATOR CROSSING 


LINEAR SCAN MODE 


LATITUDE 

DATE 

TIME 

SUN 

ZENITH 

SUN AZIMUTH 

REL. 

AZIMUTH 

SCAT. 

ANGLE 



APPR. 

ORBIT 

APPR. 

ORBIT 
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ORBIT 

APPR. 

ORBIT 
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50 

130 

135 
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69 
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9:30 
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12 
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133 
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9:30 
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126 
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TABLE 3 


COMPARISON OF APPROXIMATE GEOMETRY USED FOR RADIANCE SIMULATIONS TO MORE 
PRECISE GEOMETRY BASED ON THEMATIC MAPPER ORBIT, 11:00 AM EQUATOR CROSSING 
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12. 

1 

2 

10.00 

-2.10 

21 

6 

76 

9 

27 

27 

37. 

64, 

12. 

1 

2 

0.0 

0,00 

21 

6 

78 

9 

30 

0 

44. 

55. 

12. 

1 

2 

-10.00 

2,10 

21 

6 

7B 

9 

32 

33 

51. 

49, 

IP. 

1 

2 

-20,00 

4,29 

21 

6 

78 

9 

35 

7 

59, 

45. 

12. 

1 

2 

-30.00 

6.69 

21 

6 

78 

9 

37 

40 

67, 

42. 

13. 

1 

2 

-/in . 00 

9.51 

21 

6 

78 

9 

40 

14 

76. 

42. 

13. 

1 

2 

-50.00 

13.10 

21 

6 

78 

9 

42 

49 

85, 

43. 

15. 

1 

2 

-60.00 

18,32 

21 

6 

78 

9 

45 

26 

94. 

47. 

18. 

1 

2 

-70.00 

27.87 

21 

6 

78 

9 

48 

7 

103. 

56. 

26. 

1 

2 


TABLE 4. GEOMETRY SYNOPSIS; 9:30 AM ORBIT, JUNE, LINEAR SCANNER 






CUN 

scat 

ZEN 

R AZ' 

AZ 

ANG 

8. 

46. 

0, 

138. 

8, 

134. 

c. 

127. 

8, 

37. 

0. 

146, 

8. 

143, 

0, 

133. 

8. 

25. 

0. 

153. 

8, 

155. 

0. 

138, 

8. 

10. 

0, 

157. 

8. 

170, 

0, 

141. 

8. 

-8, 

0. 

158, 

8. 

172. 

0. 

142. 

8, 

-25, 

0. 

154. 

8. 

155. 

0, 

140, 

8, 

-38, 

0, 

149, 

8, 

142. 

0, 

136. 

8. 

-47, 

0, 

141. 

8. 

133. 

0, 

131. 

8. 

-53, 

0. 

133. 

8. 

127, 

0, 

124. 

8, 

“58 , 

0. 

125, 

8. 

122. 

0. 

116. 

8. 

• 60 . 

0. 

116. 

8, 

120. 

0, 

108 , 

8, 

-62, 

0. 

108 . 

8, 

118, 

0, 

100, 

8. 

-62 • 

0. 

99. 

8. 

118, 

0. 

91, 

6. 

-62 ■ 

0. 

90, 

8. 

118. 

0. 

82, 

8, 

-60. 

0. 

81, 

8. 

120, 

0, 

73. 
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TIMF nF tntJATt't<lAL C«0SS1MG CGMT): 9 HfUJUS 30 MIN 0 SEC 

TYPE OF SCAM; L^wPaR 

run oatE; 03-?9-7fe 


StUHLATIUM r>ATC; 3-21-7S 


LATTTIIOE 

LflNGlTljOE 



time 



gi!N PnSTTinfJ 

sat 




CUN 

scat 

COEG N) 

<!)ECi «) 

0 

MO 

YH 

HR 

M 

S 

2tN 

AZ 1 h 

head 

W »» av V 

OfcOM 

ZfcN 

R AZ 

AZ 

ANG 

70.00 

-2/. 87 

21 

3 

78 

9 

11 

S3 

71, 

163. 

26. 

1 

8. 

47. 

0. 

115. 












? 

8, 

153. 

0. 

104. 

60.00 

-18.32 

21 

3 

/ft 

9 

14 

54 

65, 

152. 

18. 

1 

8, 

45, 

0. 

123, 












2 

8. 

157. 

0. 

111. 

50,00 

-15.10 

21 

3 

7« 

9 

17 

1 1 

56. 

143. 

15, 

1 

6. 

58. 

0, 

130, 












2 

8. 

142. 

0, 

118 . 

on, 00 

-9. SI 

21 

3 

78 

9 

19 

46 


155. 

15. 

1 

8, 

52. 

0. 

137. 












2 

8. 

148, 

0 , 

123. 

50,00 

-6,69 

21 

3 

78 

9 

22 

20 

40. 

126. 

15. 

1 

8. 

25, 

0. 

143, 












2 

6. 

157. 

0. 

128, 

do.oo 

-4.29 

21 

3 

78 

9 

24 

53 

41. 

115, 

12. 

1 

8, 

15. 

0, 

147. 












2 

8. 

167, 

0, 

131, 

10,00 

-2.10 

21 

3 

78 

9 

27 

27 

39. 

102. 

12. 

1 

8, 

0. 

0. 

149. 












2 

6. 

180, 

0. 

133, 

0,0 

0,00 

21 

3 

78 

9 

30 

0 

39. 

90. 

12. 

1 

8, 

-12. 

0. 

148. 












2 

a. 

168. 

0. 

133, 

-10,00 

2,10 

21 

3 

78 

9 

52 

53 

42, 

78. 

12. 

1 

8, 

-25. 

0, 

145. 












2 

8, 

157. 

0. 

131. 

-20.00 

4.29 

21 

3 

78 

9 

35 

7 

46, 

69. 

12. 

1 

8, 

-35, 

0. 

140. 












2 

8. 

147, 

0. 

127. 

-50,00 

6,69 

21 

3 

78 

9 

37 

40 

52, 

63. 

13. 

1 

8. 

-40, 

0. 

134, 










' 


2 

8 . 

140, 

0, 

122. 

-40.00 

9.51 

21 

3 

78 

9 

40 

14 

58. 

58. 

13, 

1 

8, 

-45. 

0. 

127, 












2 

8, 

155. 

0. 

116. 

-50.00 

13.10 

21 

3 

78 

9 

42 

49 

65. 

57. 

15. 

1 

8, 

-49, 

0. 

120. 












2 

8, 

131. 

0. 

109. 

-60,00 

18.32 

21 

3 

78 

9 

45 

26 

73. 

58. 

18. 

1 

8, 

-51, 

0, 

ua. 












2 

8, 

129, 

0. 

102, 

-70,00 

27.87 

21 

3 

78 

9 

48 

7 

61. 

64. 

26, 

1 

8 . 

-52. 

0. 

104. 












2 

8. 

128. 

0. 

94, 


TABLE 5. 

GEOMETRY 

SYNOPSIS; 

9;30 AM ORBIT, 

MARCH, 

LINEAR 

SCANNER 
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2ERIM 



TJHF f.1F tOUATPHTAl CR0SSIWL5 9 H'llJUS iO 0 SKC 

TYPF OF SCAN? linear 

RUN DAIE; 13:52:45 03-29-76 


SIMULATICJN UATt: 12-21-77 


latitude 

LONGITUOf- 



TIME 



SUN PnsiflnN 

SAT 




CUN 

scat 

(DEG N) 

(OFG w) 

0 

>^o 

YF 

HR 


S 

ZEN 

AZIM 

head 

GEOM 

ZtN 

R AZ 

AZ 

ANG 

» _ m m 

70,00 

-27.67 

21 

12 

77 

9 

11 

53 

94, 

167, 

26. 

1 

6. 

52, 

0, 

91. 












2 

a. 

128. 

0. 

81, 

60,00 

-16,32 

21 

12 

77 

9 

14 

34 

85, 

159. 

18. 

1 

8. 

51. 

0. 

100, 












2 

8, 

129. 

0, 

89. 

50,00 

-13.10 

21 

12 

77 

9 

17 

11 

77. 

155. 

IS. 

1 

8, 

49, 

0. 

108, 












2 

8, 

131, 

0. 

97. 

40.00 

-9.51 

21 

12 

77 

9 

19 

46 

89. 

151 , 

13. 

1 

8, 

47. 

0. 

life. 











2 

8, 

153, 

0, 

1 05, 

30.00 

-6.69 

21 

12 

77 

9 

22 

20 

ka. 

1 46. 

13. 

1 

8. 

44. 

0, 

124. 












2 

8, 

136, 

0. 

112, 

20.00 

-4.29 

21 

12 

77 

9 

24 

53 

5b. 

141. 

12. 

1 

8. 

39. 

0. 

131. 












2 

8. 

141. 

0, 

119. 

10,00 

-2.10 

21 

12 

77 

9 

27 

27 

48, 

134, 

12. 

1 

8, 

32. 

0, 

138, 












2 

8, 

148. 

0, 

125, 

0,0 

0.00 

21 

12 

77 

9 

30 

0 

43. 

126, 

12. 

1 

8. 

24. 

0. 

144. 












2 

8, 

156, 

0. 

130. 

-10.00 

2.10 

21 

12 

77 

9 

32 

33 

39, 

115. 

12. 

1 

8. 

13, 

0. 

149, 












2 

8. 

167, 

0, 

153, 

- 20 , no 

«,29 

21 

12 

77 

9 

3S 

7 

37, 

103. 

12. 

1 

8. 

1. 

0. 

151. 












2 

8, 

179. 

0. 

135. 

— 30 ,00 

6,69 

21 

12 

77 

9 

37 

40 

38. 

90. 

13. 

1 

8. 

-12, 

0. 

150. 












2 

8, 

168. 

0. 

134. 

-00,00 

9.51 

21 

12 

77 

9 

40 

14 

40. 

79, 

13, 

1 

8,’ 

-24. 

0. 

147, 












2 

8. 

156. 

0. 

132. 

-50.00 

13.10 

21 

12 

77 

9 

42 

49 

45. 

72. 

15. 

1 

8, 

-34. 

0. 

141. 












2 

8. 

146, 

0. 

128. 

-60.00 

18.32 

21 

12 

77 

9 

45 

26 

51. 

68. 

18. 

1 

8, 

-41. 

0. 

135. 












2 

8. 

139. 

0, 

123. 

-70,00 

27.87 

21 

12 

77 

9 

46 

7 

58, 

70. 

26. 

1 

8, 

-46. 

0. 

127. 












2 

8. 

134, 

0. 

life. 





TIIIK flF tnUATORUL THUSSING CGHTJ: it HOURS 0 MIW 0 SKC 

lYPF OF SCAI«: LlNCflP 

RUN D4lE! 13!5^SiJ5 05-29-76 


SIHUIATION RATFt 6-21-78 


latt ruoF 

U1NGITUOE 




TIME 



SUN 

PnsiTIfjN 

SAT 




Cun 

scat 

(DEG N1 

(DEG 

D 

MU 

YR 

HR 

M 

5 

ZtM 

A 2 1 M 

Ht An 

GEIIM 

ZEN 

R AZ 

AZ 

ANG 

7o.no 

-27.87 

21 

6 

78 

10 

41 

53 

4/; 

190. 

26. 

1 

8. 

74. 

0. 

135. 












2 

8. 

106, 

0. 

131. 

60,00 

-18.32 

21 

6 

78 

to 

4^ 

54 

37. 

178, 

18. 

1 

8, 

70, 

0. 

145 . 












2 

8. 

110, 

0, 

140. 

50.00 

•• 1 , 1 0 

21 

6 

78 

10 

47 

11 

27, 

169, 

15. 

1 

8. 

64. 

0. 

156. 












2 

8, 

116, 

0, 

149. 

00,00 

-9,bl 

21 

6 

78 

10 

09 

46 

18. 

154. 

13. 

1 

8. 

50, 

0. 

166. 












2 

8. 

130. 

0, 

156, 

30,00 

-6.69 

21 

6 

78 

10 

52 

20 

12, 

122. 

13, 

1 

8. 

19, 

0. 

175. 












2 

8. 

161 

0. 

161 . 

20.00 

-«.20 

2) 

6 

78 

1 0 

54 

53 

12. 

71. 

12. 

1 

8. 

-31 . 

0. 

173. 












2 

8. 

149. 

0. 

161, 

10,00. 

■ -2,10 

21 

6 

78 

10 

57 

27 

19, 

43. 

12. 

1 

8, 

••59. 

0. 

164. 












2 

8. 

121. 

0. 

156. 

0,0 

0,00 

21 

6 

78 

1 1 

0 

0 

28. 

32. 

12. 

1 

8. 

-70. 

0, 

154, 












2 

a. 

110, 

0. 

149. 

-10.00 

2,10 

21 

6 

78 

11 

2 

33 

37, 

26. 

12. 

. 1 

8, 

-76. 

0. 

144, 












2 

8. 

104, 

0. 

140, 

-20,00 

4,29 

21 

6 

78 

11 

5 

7 

«7. 

23. 

12. 

I 

8. 

-79. 

0, 

134, 












2 

6. 

loi , 

0. 

131, 

«30, 00 

6.69 

21 

6 

78 

11 

7 

4 0 

57, 

22, 

15. 

1 

8. 

-80, 

0. 

124, 












2 

8. 

100, 

0. 

121. 

-00,00 

9,51 

21 

6 

78 

1 1 

10 

14 

67, 

22. 

13. 

1 

8. 

-81. 

0, 

114. 












2 

8. 

99. 

0, 

112. 

-50.00 

13.10 

21 

6 

78 

1 1 

12 

09 

77, 

24. 

15. 

1 

a. 

-81, 

0, 

104. 












2 

8. 

99, 

0. 

102. 

-60.00 

18.32 

21 

6 

78 

1 1 

15 

26 

87, 

27. 

1ft, 

1 

6 , 

-81. 

0. 

94. 












2 

0 , 

99. 

0. 

92. 

-70,00 

27.87 

21 

6 

78 

11 

18 

7 

97, 

35. 

26. 

1 

a. 

-80, 

0. 

84. 












2 

8. 

100. 

0. 

81. 


TABLE 7. GEOMETRY SYNOPSIS; 11:00 AM ORBIT, JLT^E, LINEAR SCANNER 
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TIMF HF EQUATORTAL CRflSSl'JG {GHf); U HOURS 0 MlM 0 SEC 

TYPE OF SCANj linear 

RUN DATE: I3;52:i|^ 03-29-7S 

STMULATIUW DATF: 3-21-78 


LATITUDE 

LONGITUDE 




T IHE 



SUN 

POSITION 

SAT 




CUN 

SCAT 

(DFG N) 

U)FG rtl 

D 

HIJ 

YR 

HR 


S 

ZEN 

AZIM 

head 

GEOm 

ZEN 

R AZ 

•i W 

AZ 

ANG 

70,00 

-27.87 

21 

3 

78 

10 

01 

55 

70, 

187, 

26. 

1 

8, 

7J. 

0, 

112. 












2 

6. 

109. 

0. 

107, 

60.0 0 

-18.5? 

21 

3 

78 

iO 

HH 

39 

60. 

177. 

18. 

1 

6. 

69. 

0. 

123, 












2 

8, 

Ill, 

0. 

117. 

5>0,00 

-13.10 

21 

5 

78 

10 

97 

11 

50, 

171, 

15. 

1 

8, 

66 , 

0. 

133, 












2 

8, 

119, 

0, 

126. 

00.00 

-9.51 

21 

3 

76 

10 

«9 

96 

91, 

165, 

13. 

1 

8, 

61 , 

0, 

192, 












2 

8, 

119. 

' 0. 

135. 

30,00 

-6,69 

21 

5 

78 

10 

52 

20 

32, 

157. 

n. 

1 

a. 

59. 

0, 

152. 












2 

8, 

126, 

0. 

193. 

20,00 

-a. 29 

21 

3 

78 

10 

5a 

53 

29, 

199, 

12. 

1 

8. 

92, 

0. 

161. 












2 

8, 

138, 

0, 

150, 

10,00 

-2.10 

21 

3 

78 

10 

57 

27 

18. 

122. 

12. 

1 

8. 

20. 

0. 

169, 












2 

8, 

160, 

0. 

159. 

0.0 

0,00 

21 

3 

78 

11 

0 

0 

17. 

69. 

1?. 

1 

8, 

-12, 

0. 

171. 












2 

a. 

168. 

0, 

155. 

-10,00 

2.10 

21 

3 

78 

11 

? 

33 

21. 

82. 

12. 

1 

e. 

-90. 

0, 

169, 












2 

8. 

190. 

0* 

153. 

-20.00 

«.29 

21 

3 

78 

ir 

5 

7 

28, 

96. 

1?. 

1 

8. 

-56 , 

0, 

156, 












2 

8, 

129, 

0. 

197. 

-30,00 

6.69 

21 

3 

78 

11 

7 

90 

37. 

38. 

13. 

1 

8. 

-69, 

0, 

196, 












2 

6, 

116, 

0. 

139, 

-00.00 

9.51 

21 

3 

78 

11 

10 

19 

96. 

39. 

13. 

1 

8, 

-69. 

0. 

137. 












2 

8, 

Ill, 

0. 

131, 

-50.00 

13.10 

21 

3 

78 

1 1 

12 

99 

55, 

33, 

15. 

1 

8. 

-72. 

0. 

127. 












2 

8. 

108, 

0. 

122. 

-60,00 

18.32 

21 

5 

78 

1 1 

15 

26 

65, 

35. 

18. 

1 

8, 

-73, 

0, 

117, 












2 

8. 

107. 

0. 

113. 

-70.00 

27.87 

21 

3 

78 

n 

16 

7 

75. 

92. 

26, 

1 

6. 

-79. 

0, 

107. 












2 

8, 

106, 

0, 

103, 


TABLE 8. GEOMETRY SYHOPSIS; 11:00 AM ORBIT, MARCH, LINEAR SCANNER 
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TERliil 



TIME IIP eouathriai runssiNG crmtij h hours o o spc 

TYPE np SCAUJ lTuEAP 

RUN DATE; 15:5d:<4‘5 0^-2‘>-76 


SIMltl.ATlON DATE: l2-^l-7/ 


LATTTttoP 

longitude 



T IM( 



SUN 

pfian TUN 

SAT 




CON 

SCAT 

(DEG 

(DEG wT 

0 


TR 

HK 


S 

ZtN 

A/1'1 

HEAD 

GEdM 

ZEN 

R AZ 

AZ 

ANG 



-- 

-- 


-- 

— 


“““ 

---- 

— 

w ^ 

“““ 

- - -- 

“ — — 


70.00 

-27,87 

21 

12 

77 

10 

41 

53 

94, 

188, 

26. 

1 

8. 

72. 

0, 

89, 












2 

8. 

108, 

0. 

84. 

60.00 

-18 , ‘32 • 

21 

12 

77 

10 

44 

34 

83, 

180, 

18. 

1 

8, 

72, 

0. 

99, 












2 

8. 

108. 

0. 

94. 

50,00 

-13,10 

21 

12 

77 

10 

47 

11 

74, 

175, 

15. 

1 

6., 

70. 

■ 0. 

109, 












2 

8. 

110, 

0. 

104. 

40,0 0 

-9.51 

21 

12 

77 

10 

49 

46 

64 , 

1 /?. 

13. 

1 

8. 

69. 

0, 

119. 












2 

8. 

Ill . 

0. 

113. 

50,00 

-6,69 

21 

12 

77 

10 

52 

20 

54. 

169. 

13. 

1 

fa . 

66 . 

0. 

129, 












2 

8, 

114. 

0, 

122. 

20.00 

-4.29 

21 

12 

77 

10 

54 

53 

«5. 

165, 

12. 

1 

6, 

63. 

0. 

138, 












2 

8. 

117. 

0, 

131 , 

10,00 

-2.10 

21 

12 

77 

10 

57 

27 

36. 

159. 

1?. 

1 

8. 

57. 

0, 

148, 












2 

8, 

123. 

0. 

139. 

0,0 

0,00 

21 

12 

77 

11 

0 

0 

27, 

150. 

12. 

1 

8, 

48. 

0. 

157. 












2 

8. 

132. 

0, 

147. 

-10,00 

2.10 

21 

12 

77 

11 

2 

33 

20, 

133. 

12. 

I 

8. 

31. 

0. 

166. 












2 

8, 

149. 

0. 

152, 

-20,00 

4,29 

21 

12 

77 

11 

5 

7 

17, 

105. 

12. 

1 

8. 

3. 

0, 

171. 












2 

8. 

177. 

0. 

155, 

-50 ,00 

6,69 

21 

12 

77 

11 

7 

40 

18. 

74. 

13. 

1 

8. 

-29. 

0. 

168. 












2 

«. 

151. 

0, 

154, 

-40,00 

9,51 

21 

12 

77 

It 

10 

14 

25, 

54, 

13, 

1 

8. 

-49. 

0. 

160. 












2 

a. 

131, 

0. 

150, 

-50,00 

13. 10 

- 21 

12 

77 

11 

12 

49 

33, 

45. ■ 

15, 

1 

8, 

-60, 

0, 

151. 












2 

8. 

120. 

0. 

143. 

-60.00 

18.32 

21 

12 

77 

11 

15 

26 

42. 

42. 

18. 

1 

6. 

-66 , 

0, 

141. 












2 

8. 

114. 

0. 

134, 

-70,00 

27.87 

21 

12 

77 

11 

18 

7 

52. 

46. 

26. 

1 

8. 

-70. 

0 , 

131. 












2 

8, 

110 . 

0 . 

125, 


TABLE 9. GEOMETRY SYNOPSIS; 11:00 AM ORBIT, DECEMBER, LINEAR SCANNER 


114 


2hiI«I 



TIME OF EaUiTHPlAL CROSSING (GHT): 9 HOURS iO HIN 0 SEC 

TYPE OF SCAN; conical 

RUN DATE: 13;'^2:y5 (i3-39-7ft 


SIMIILATtUN OA7F; 6-?1-76 


latitiioe 

LHNGtTUDE 



TIME 



SUN POSITION 

SAT 




CON 

scat 

CPFG N) 

(f)FR w) 

P 

HQ 

YR 

HR 

M 

S 

ZEN 

aZIm 

HEAD 

GEflH 

■»«•<■«« 

ZbN 

R 42 

AZ 

ANG 

70.00 

-27. R7 

2i 

6 

7A 

9 

1 1 

22 

^7, 

161 . 

2ft. 

1 

18. 

109, 

20. 

125. 












2 

18. 

157. 

-20. 

116. 

60,00 

-18,32 

21 

6 


9 

10 

3 

00, 

105. 

19. 

1 

18, 

102, 

20. 

133, 












2 

18. 

150. 

-20. 

120. 

50.00 

-13,10 

21 

6 

7ft 

9 

16 

00 

30, 

130. 

16. 

1 

16. 

90, 

20, 

102. 












2 

16. 

138. 

-20. 

131. 

00,00 

-9.51 

21 

6 

7ft 

9 

19 

15 

31, 

113. 

10. 

1 

18. 

75. 

20. 

109. 












2 

18, 

123. 

-20. 

137. 

30.00 

-6,69 

21 

6 

78 

9 

21 

09 

30, 

90. 

13. 

1 

18. 

58. 

20. 

155. 












2 

18, 

106, 

-20. 

101, 

ao.no 

-0,29 

21 

6 

78 

9 

20 

22 

33. 

77, 

12. 

1 

18, 

01. 

20, 

158. 












2 

18. 

89, 

-20. 

103. 

10,00 

-2.10 

21 

6 

78 

9 

26 

56 

37. 

60. 

12. 

1 

18, 

26. 

20, 

157, 

• 











2 

18. 

76, 

-20. 

103. 

0.0 

0,00 

21 

6 

78 

9 

29 

29 

00. 

55, 

12. 

1 

18. 

19. 

20. 

153. 












2 

18, 

67. 

-20. 

loo. 

-10.00 

2,10 

21 

6 

78 

9 

32 

2 

51, 

09. 

12. 

1 

18. 

13. 

24, 

106. 












2 

18, 

61 , 

-20. 

136. 

-20.00 

0,29 

21 

6 

78 

9- 

30 

35 

59, 

05. 

12. 

1 

18. 

9. 

20. 

139. 












2 

18. 

57. 

—20 , 

129. 

-30,00 

6,69 

21 

6 

7R 

9 

37 

9 

67, 

03, 

12. 

1 

18, 

6. 

20, 

130. 












2 

18, 

50. 

-20 . 

122. 

-00,00 

9.51 

21 

6 

78 

9 

39 

03 

76, 

. 02. 

13, 

I 

18. 

5. 

20. 

122, 












2 

18. 

53. 

-20. 

no. 

-50,00 

13.10 

21 

6 

78 

9 

02 

18 

85, 

03. 

15. 

1 

16. 

5. 

20, 

113. 












2 

18. 

53. 

-20, 

106. 

-60,00 

ie.32 

21 

6 

78 

9 

00 

55 

90, 

07. 

17. 

1 

18, 

5. 

20, 

100, 












2 

18. 

53. 

-20, 

97. 

-70,00 

27.87 

21 

6 

78 

9 

07 

36 

103, 

56, 

20. 

1 

18. 

a. 

20. 

95, 












2 

18. 

56. 

-20. 

87, 


TABLE 10. GEOMETRY SYNOPSIS; 9:30 A}I ORBIT, JUNE, CONICAL SCANNER 


115 



riMF OF hOUATORJAU CROSSING CGMT)! 9 HOURS SO Nih o sfc 
Type of SCAN; CONICAL 
RIJN GATtr o3-29-76 

-STMULATIOM DATP; 3-2t-7fl 


latitude 

LriNGlTUDf: 




TIME 



SUN 

POSITION 

sat 




CON 

scat 

fOEG N3 

COEG wj 

0 

HU 

YR 

HR 

H 

S 

7LN 

AZIM 

HEAD 

gehm 

ZEN 

H AZ 

- AZ 

ANG 



mm 

mm 

— 

mm 

-“ 

mm 

— — - 




--- - 





mm mm 

70.00 

-27.87 

21 

3 

78 

9 

11 

22 

71, 

163. 

28. 

1 

16, 

in. 

24. 

102. 












2 

18, 

159, 

-24. 

92. 

60.00 

-IP. 3? 

21 

3 

78 

9 

la 

3 

63. 

152. 

19, 

1 

18, 

108, 

24, 

110, 












2 

18, 

156. 

-29. 

loo. 

5o.no 

-13. 10 

21 

3 

78 

9 

16 

90 

56, 

143. 

16. 

1 

18. 

104, 

29. 

lift. 












2 

18. 

152. 

-24. 

lOS. 

00.00 

-9,51 

21 

3 

78 

9 

19 

15 

50. 

135. 

14. 

1 

18. 

97. 

24, 

126. 












2 

18. 

195, 

-29, 

115. 

30,00 

-6,69 

21 

3 

78 

9 

21 

99 

45, 

126. 

13. 

1 

18, 

89. 

’ 24. 

133, 












2 

18. 

137. 

-29, 

121, 

20,00 

-9,29 

21 

3 

78 

9 

24 

22 

“1. 

115. 

12. 

1 

18. 

78, 

29, 

139. 












2 

18, 

126. 

-24, 

127, 

in . 00 

-2,10 

21 

3 

78 

9 

26 

56 

39. 

102, 

12. 

1 

18. 

66. 

29. 

195, 












2 

18, 

1 14, 

-29. 

131. 

0,0 

0,00 

21 

3 

78 

9 

29 

29 

40, 

90, 

12, 

1 

18, 

54, 

29. 

198. 












2 

18, 

102. 

-29. 

134. 

-10,00 

2.10 

21 

3 

78 

9 

^2 

2 

42, 

• 78. 

12. 

1 

18, 

43, 

29. 

149. 












2 

18. 

91, 

-29. 

135, 

-20,00 

4.29 

21 

3 

78 

9 

34 

35 

46. 

69. 

12. 

1 

18. 

33, 

24. 

148. 












2 

18. 

81. 

-29. 

134. 

-30,00 

6.69 

21 

3 

78 

9 

37 

9 

■52, 

«. 

12. 

1 

18. 

26, 

29, 

144, 












2 

16, 

74. 

-29. 

131. 

-00,00 

9.51 

21 

3 

78 

9 

39 

93 

58. 

5fi, 

13. 

1 

18. 

21. 

29. 

138. 












2 

18, 

69. 

-29. 

126, 

-50,00 

13,10 

21 

3 

78 

9 

42 

18 

65, 

57. 

15. 

1 

18, 

18. 

29. 

132, 












2 

18. 

66 . 

-29, 

121. 

'-60,0 0 

18.32 

21 

3 

78 

9 

49 

55 

73. 

58. 

17. 

1 

18, 

16, 

24. 

124, 












2 

18, 

64, 

-24. 

114. 

-70.00 

27,87 

21 

3 

7ft 

9 

97 

36 

81, 

69, 

20. 

1 

18. 

16, 

24. 

116, 












2 

18. 

69, 

-24. 

106, 


. TABLE 11. GEOMETRY SYNOPSIS; 9:30 AM ORBIT, MARCH, CONICAL SCANNER 

116 



TIMF riF tOUAinwlAL CHfJSSlNG tGMTJS 9 HOURS 30 MIN 0 SEC 

TYPE OF SCAN; CONICAL 

Rl)h DATE: 13;‘i2!itS 03-29-7S 


SIHIJLAIIUN HATE! )2-2t-77 


latttuoe 

longitude 



TIMF. 



SUM POSITION 

SAT 


Zb'N 

R AZ 

CON SCAT 

(DEG N3 

(OFG 

D 

Mf) 

YR 

HR 

M 

S 

ZEN 

AZIM 

HEAD 

GFOM 

AZ ANG 



-- 

-- 

- - 

— 

-- 


--- 


*> K «■ 





70,00 

-27,87 

21 

12 

77 

9 

1 1 

22 

90, 

167. 

28. 

t 

18, 

1 15. 

24. 79. 











2 

18, 

163. 

-24, 69. 

60,00 

-16,32 

21 

12 

77 

9 

10 

3 

86. 

159, 

19. 

1 

18, 

116. 

24, 87, 











2 

18. 

164, 

-24. 77, 

50,00 

-13,10 

21 

12 

77 

9 

16 

40 

77. 

150. 

to. 

1 

18. 

115. 

24. 95. 










2 

18. 

163, 

-24, 85. 

00,00 

-9,51 

21 

12 

77 

9 

19 

15 

69, 

150, 

14. 

1 

16, 

113. 

24. 103, 











2 

18, 

161 , 

-24, 95. 

30,00 

-6.69 

21 

12 

77 

9 

21 

99 

62, 

106. 

13. 

1 

18, 

109, 

24. HI. 











2 

18. 

157. 

-24, 101, 

20,00 

-«,29 

21 

12 

77 

9 

20 

22 

55, 

141. 

12. 

1 

18. 

105. 

24. 119. 












2 

18. 

153, 

-24. 109, 

10,00 

-2,10 

21 

12 

77 

9 

26 

56 

48, 

134, 

12. 

1 

16, 

96. 

24. 127. 











2 

18. 

146. 

-24. 116 . 

0,0 

0,00 

21 

12 

77 

9 

29 

29 

43, 

126, 

12, 

1 

18, 

90. 

24. 134, 











2 

18, 

138, 

-24. 123. 

*10,00 

2,10 

21 

12 

77 

9 

32 

2 

39, 

115. 

12. 

1 

16, 

79, 

24, 141, 











2 

18, 

127. 

r24, 128, 

-20,00 

0,29 

21 

!2 

n 

9 

34 

35 

37. 

103, 

12. 

1 

18, 

67. 

24, 146, 










2 

18. 

US. 

-24. 133, 

-30,00 

6,69 

21 

12 

77 

9 

37 

9 

38, 

90. 

12. 

1 

18, 

54. 

24. 150, 












2 

18. 

102. 

-24. 135, 

-00,00 

9.51 

21 

12 

77 

9 

39 

45 

41. 

BO. 

13. 

1 

18, 

42, 

24. 151, 










2 

18. 

90, 

-24, 136. 

-50,00 

13.10 

21 

12 

77 

9 

42 

18 

45, 

72. 

15. 

1 

18. 

53. 

24. 149, 












2 

18, 

81, 

-24. 135, 

-60,00 

18,32 

21 

12 

77 

9 

44 

55 

51. 

68, 

17. 

1 

18. 

26. 

24. 104, 












2 

18. 

74, 

-24, 132, 

-70,00 

27.87 

21 

12 

77 

9 

47 

36 

58. 

70. 

24. 

1 

18. 

22. 

24. 138, 











2 

18. 

70. 

-24, 126, 


TABLE 12. GEOMETRY SYNOPSIS; 9:30 AM ORBIT, DECEMBER, CONICAL SCANNER 



UMh ;n ( Qua T(I|. [ At, n^nssi^'f; cnnn: n n luiJs n ami <i sfC 
IVPF OF -SCa:'!; CI'''TC,AL 
, UMn lUlt: 

STltliLATlMM [utm fi -a 1 


,LAi 1 riiof; 

LfiijC 1 1 1110 



1 IMF 



Pf'SI T Tc.i-i 

SAT 



Cl IN 

SCA I 

(OFR 

(1,'Ff. a] 

n 

Mil 


H2 


S 

ZtN 

AZI^; 

Ht AQ 

r,i iiM 

W A Z 

AZ 

A Wli 



-- 

-- 

-- 

-- 

- - 

-- 



■'**'■*” 

^ • 

^ ^ 



7 I) , 0 0 

-27, f'? 

21 

h 

7« 

10 

U1 

22 

•17, 

190. 

2R. 

1 

Ift. 137. 

20. 

1 19. 












2 

16. 17S, 

-2u, 

1 15, 

U 0 , 0 0 

— 1 . 3 2 

2' 

b 

/R 

It) 

a') 

5 

37. 

1 76. 

19. 

1 

lo. 136. 

24. 

129. 












2 

18. 177. 

-24. 

125. 

5 n , 0 fi 

-13,10 

2 1 

6 

76 

1 0 

Hh 

'll) 

27. 

I6ft, 

1 (i , 

1 

16. 129. 

29. 

1 39. 












2 

18. 177. 

-24. 

155. 

'10,00 

-9,‘jl 

21 

b 

7R 

1 0 

09 

16 

16, 

160, 

10. 

1 

16, 116. 

24, 

150. 












2 

18. IbO. 

-28. 

144. 

3o , nu 

— 6.0^ 

21 

b 

76 

10 

bl 

'19 

12. 

122.. 

13. 

1 

18. fiS, 

29. 

160. 












2 

18. 133. 

-2«, 

1S5. 

2 0.00 

-0.29 

21 

6 

70 ' 

1 0 

b'l 

22 

12. 

71. 

12, 

1 

18. 3S. 

24, 

169. 












2 

IB, 83, 

-24. 

160. 

10,00 

-2.10 

21 

6 

76 

10 

b6 

66 

19, 

03. 

12. 

1 

18. ft. 

24. 

177. 












a 

18. 56, 

-24, 

16 5, 

o.O 

0.00 

21 

6 

7R 

10 

69 

29 

26. 

52. 

12. 

1 

16. -9. 

24. 

1 70. 












2 

16. 

-24. 

161 . 

~ 1 0 . n u 

2.10 

21 

6 

7P 

11 

2 

2 

37. 

26. 

12, 

1 

IS. -10. 

24. 

160. 












2 

18, 3ft. 

-24. 

155. 

-20,00 

fl.29 

21 

6 

7ft 

1 1 

0 

36 

07. 

29. 

12. 

1 

16. -12. 

29, 

150. 












2 

16, 36. 

-24, 

146. 

-30.00 

b . 69 

?1 

6 

7R 

1 1 

7 

9 

67. 

22. 

12. 

1- 

18. -19. 

24. 

140. 












2 

18. 59, 

-24. 

137. 

-';o ,00 

9.b1 

21 

b 

78 

1 1 

9 

05 

67, 

23. 

13. 

1 

16, -IS, 

24, 

130. 












2 

18, 55. 

-24, 

128. 

— So , 0 0 

15.10 

21 

6 

78 

1 1 

1? 

16 

77. 

2U. 

16. 

1 

18. -15. 

24. 

120. 












2 

18. 35. 

-24, 

na. 

-00.00 

18.5? 

21 

6 

7ft 

u 

10 

66 

67. 

27. 

17, 

1 

le. -19, 

24. 

>110. 












? 

16, 59. 

-29, 

108, 

-70.00 

?7.87 

21 

b 

7ft 

11 

17 

56 

97. 

36. 

2'J. 

1 

16. -12. 

24, 
^ 11 

100, 
« -» 


2 16. 36. 97. 

TABLE 13. GEOME’TRY SYNOPSIS; 11:00 AH. ORBIT, JUNE, CONICAL SCANNER 


118 


ym 

L — 1 



TTMF flF fcnUATOHTAL CR'ISSJMG (G«T) : tJ HOURS 0 mxn 0 SEC 
rVPF OF SCAN* COMICAL 
•Hl'M DATF: i3;'^r?;«S 03 - 29-76 


STMlJLATiUl'f OATt: 3-?l-7a 


LATITUDE 

ldncj tuof 



TIME 



SUN 

RUST TIliN 

sat 




CON 

SCAT 

(DFG M) 

Cdeg w) 

0 

HU 

YR 

Hk 

H 

S 

* — 

7EM 

AZIM 

Ht AU 

Gfc'OM 

ZtN 

R Al 

» w ««■ 

A2 

ANG 

^ M V 

70.00 

-27,87 

21 

i 

78 

1 0 

41 

22 

70. 

187. 

28, 

1 

18. 

134. 

20. 

97, 












2 

18, 

178, 

-20. 

92. 

60.00 

-18,32 

21 

5 

78 

10 

40 

3 

60, 

177. 

1'’, 

1 

18, 

134. 

20. 

107. 












2 

18, 

178, 

-24. 

1 02. 

■ so.no 

-li.lO 

21 

3 

7« 

10 

46 

00 

50. 

171. 

16. 

1 

18. 

131, 

24. 

117. 












2 

18, 

17«, 

-24, 

112. 

00.00 

-9,bJ 

21 

3 

78 

10 

•49 

15 

41. 

1 64, 

14. 

1 

18. 

127. 

24. 

127, 


, 










2 

18, 

175, 

-24. 

121, 

30,00 

-6.69 

21 

3 

78 

to 

51 

09 

32. 

156, 

13. 

1 

18, 

120. 

24, 

136. 












? 

IP. 

168, 

-24, 

130. 

20.00 

-4.29 

21 

3 

78 

10 

50 

22 

24. 

104. 

12. 

1 

18, 

107. 

24. 

146. 












2 

18, 

155. 

-24. 

139. 

to . 00 

-2.10 

21 

3 

78 

10 

56 

56 

le. 

121, 

12. 

1 

18, 

86. 

24, 

156, 












2 

18, 

134, 

-24'. 

147. 

0,0 

0.00 

21 

3 

78 

10 

59 

29 

1 7. 

89. 

12. 

1 

16. 

50. 

24. 

164, 












2 

18, 

102. 

-24. 

153, 

-10.00 

2.10 

21 

3 

78 

1 1 

2 

2 

21, 

62. 

12. 

1 

18. 

26, 

24. 

171, 












2 

18, 

74, 

-24. 

157, 

-20.00 

4.29 

21 

3 

78 

11 

0 

35 

28. 

47. 

12. 

1 

18. 

11. 

24, 

169. 












2 

18. 

59. 

-24,' 

156, 

— 30 ,00 

6.69 

21 

3 

78 

11 

7 

9 

37. 

39, 

12. 

1 

18. 

2, 

24. 

161. 












2 

18, 

50. 

-24. 

152, 

-00,00 

9,51 

21 

3 

78 

11 

9 

03 

46, 

35, 

13. 

1 

18. 

-3. 

24. 

152, 












2 

18. 

45. 

-24 • 

145. 

-50 , 00 

13.10 . 

21 

3 

78 

1 1 

12 

18 

55. 

33. 

15. 

1 

18. 

-5. 

24, 

143, 












2 

18. 

43. 

-24. 

137. 

-60,00 

1H.32 

21 

i 

78 

n 

10 

55 

65, 

35. 

17. 

1 

18. 

-6, 

24. 

133. 












2 

16. 

42. 

-24. 

128. 

-70.00 

?7.67 

2! 

3 

78 

11 

17 

36 

75, 

42. 

24. 

1 

18. 

-6 , 

24. 

123. 












2 

18. 

02, 

-24. 

118, 


TABLE 14. GEOMETRY SYNOPSIS; 11:00 AM ORBIT, MARCH, CONICAL SCANNER 
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ORIGINAi; PAGE !S 
OF POOR QUALITY 



TIMF fiF EGUAinsjAL rROSSI''JG (fiMT); 11 HOURS d o sFC 

TYRF OF SCAN: CriNlCAL 


HUN OATFi 13:‘i2!a‘> 03-P9-76 


STMMLATIUN ^aTF; 


LATTTIlDf. 

LnNPjTimt 



1 IME 



Sl'N 1 

Pnsr 1 TUN 

SAT 




c:uN 

scat 

fUFG n5 

C r; F (J ) 

D 

M(1 

YR 

HR 

M 

S 

ZtN 

AZIM 

HEAD 

GEtiM 

7tN 

R AZ 

AZ 

ANC- 

70.00 

-27.67 

21 

12 

77 

10 

41 

22 

94. 

18B. 

2P. 

1 

16. 

1 36, 

24, 

74 . 












2 

18. 

176, 

-24. 

68. 

60.00 

-18.32 

21 

12 

77 

10 

44 

3 

83, 

180. 

19. 

1 

16. 

136. 

24. 

83. 












2 

18. 

176, 

-24. 

79. 

50,00 

-13.10 

21 

12 

77 

10 

46 

40 

74. 

175. 

1.6. 

1 

18, 

136. 

24, 

93. 












2 

18. 

176. 

-24. 

88. 

00,00 

-9.51 

21 

12 

77 

10 

49 

15 

64. 

172. 

14. 

1 

18, 

!34. 

24. 

103, 












2 

16, 

176. 

- 24 , 

98. 

30,00 

-6,69 

21 

12 

77 

10 

51 

49 

54. 

169. 

13. 

1 

18, 

1 32. 

24. 

113. 












2 

18. 

180. 

-24, 

108 . 

^0.00 

-9,?9 

21 

12 

77 

10 

54 

22 

45, 

1 1»5 , 

1?. 

1 

18, 

128. 

24, 

123. 












2 

18, 

176. 

-24. 

117. 

10,00 

-2,10 

21 

12 

77 

10 

56 

56 

36. 

159. 

12. 

1 

18, 

123. 

24. 

132. 












2 

18. 

171, 

-24 , 

126. 

0.0 

0.00 

21 

12 

77 

10 

59 

29 

27. 

150. 

12. 

1 

16, 

114. 

24. 

142. 












2 

18, 

162. 

-24. 

135. 

-10.00 

2.10 

21 

12 

77 

1 1 

2 

2 

20. 

133. 

12. 

1 

18. 

97. 

24. 

151. 












2 

18. 

145. 

-24. 

143, 

«^0,00 

0,29 

21 

12 

77 

11 

H 

35 

17. 

105. 

12. 

1 

16. 

69. 

24. 

160. 












2 

18, 

117. 

-24. 

150. 

-30,00 

6.69 

21 

12 

77 

1 1 

1 

9 

19. 

74. 

12. 

1 

18. 

38. 

24. 

168. 












2 

18, 

86. 

-24, 

155. 

-00.00 

9.51 

21 

12 

77 

1 1 

9 

45 

25. 

54. 

13, 

1 

18. 

17. 

24. 

171. 












2 

18. 

65. 

-24, 

157. 

-50,00 

13.10 

21 

12 

77 

11 

12 

18 

33, 

45. 

15. 

1 

16. 

6. 

24. 

165, 












2 

18, 

54. 

-24. 

154. 

-60,00 

18,32 

21 

12 

77 

11 

14 

55 

42. 

. 42. 

17. 

1 

18, 

1. 

24, 

156. 












2 

18. 

49. 

-24, 

148. 

-70,00 

27.87 

21 

12 

77 

'1 1 

17 

36 

52. 

46. 

24. 

1 

16. 

-2. 

24. 

146. 












2 

18. 

46. 


15^7, 


TABLE 

15. GEOMETRY 

SYNOPSIS; 

111 

;00 AM ORBIT, DECElffiER, 

CONICAL 

SCANNER 





TTHF HF EnUAIHRIAL CROSSIMO CGMT)S 9 HOURS iO HIM 0 SFC 
type of SCAN! C^^1CAL REAR 
RIJN DATE: 08jlft:l7 OU-01-7A 
STHULATION DOE: 6-21-78 


LAI ITUOf 

LONGITUDE 



TIMF 



SUN 1 

PnSUIOH 

SAT 




CON 

scat 

CDEG M) 

COFG W) 

D 

MO 

YR 

HR 

M 

S 

ZEN 

AZIM 

HEAD 

GEOK 

ZEN 

R AZ 

AZ 

ANG 



- - 


-- 


*» •• 

• “ 

“ ■* “ 



• * ^ 

" 

“ " * 



70,00 

-27, S7 

21 

6 

78 

9 

12 

24 

47, 

162. 

24. 

1 

Ifi, 

66 , 

?4, 

137. 












2 

le. 

18. 

-24, 

109. 

60.00 

-18.32 

21 

6 

78 

9 

15 

5 

40, 

146, 

17. 

t 

18. 

76. 

24, 

141. 












2 

18. 

28. 

-24, 

155. 

50,00 

-13,10 

21 

6 

78 

9 

17 

42 

34, 

130, 

15. 

1 

18. 

88. 

24. 

142, 












2 

18. 

40. 

-24. 

157. 

40.0 0 

-9.51 

21 

6 

78 

9 

20 

17 

31. 

113. 

13. 

1 

18, 

104, 

24. 

141. 












2 

16. 

56. 

-24, 

155. 

30,00 

-6,69 

21 

6 

78 

9 

22 

51 

30, 

95. 

12. 

1 

16. 

122. 

24. 

138, 












2 

18. 

74 , 

-24. 

ISO. 

20.00 

-4,29 

21 

6 

78 

9 

25 

2S 

32. 

77. 

12. 

1 

18, 

139, 

24. 

133. 












2 

18. 

91. 

-24, 

143. 

10.00 

-2,10 

21 

6 

78 

9 

27 

58 

37. 

64 . 

12. 

1 

18. 

152. 

24. 

126, 












2 

18. 

104. 

-24. 

135. 

0.0 

■ 0,00 

21 

6 

78 

9 

30 

31 

44 , 

55. 

12. 

1 

18. 

161, 

24, 

119, 












2 

18. 

113. 

-24. 

127. 

-10,00 

2.10 

21 

6 

78 

9" 

33 

4 

51, 

48 , 

12. 

1 

18, 

167. 

24, 

111. 












2 

18. 

119. 

-24. 

119. 

-20.00 

4.29 

21 

6 

78 

9 

35 

38 

59, 

44 . 

12. 

1 

18. 

172. 

24, 

103. 












2 

18, 

124. 

-24. 

110. 

-30,00 

6.69 

21 

6 

78 

9 

58 

11 

67. 

42. 

13, 

1 

16. 

174, 

24. 

95. 












2 

18, 

126. 

-24, 

101 . 

-40.00 

9,51 • 

2) 

6 

78 

9 

40 

45 

76. 

42. 

14. 

1 

16, 

1 76. 

24, 

86, 












2 

16, 

128. 

-24. 

93. 

-5o,oo 

13.10 

21 

6 

78 

9 

43 

20 

fib. 

43. 

16, 

1 

18. 

177. 

24. 

77. 












2 

18. 

129. 

-24. 

84. 

-60.00 

18,32 

21 

6 

78 

9 

05 

57 

94. 

47. 

19. 

1 

18. 

177. 

24. 

6fl , 












2 

18, 

129. 

-20. 

75. 

-70,00 

27.87 

21 

6 

78 

9 

48 

38 

103. 

56. 

28, 

1 

16. 

177, 

20, 

59. 












2 

18. 

129. 

-20. 

66 . 


TABLE 16. GEOEIETRY SYNOPSIS; 9:30 AM ORBIT, JUNE, CONICAL SCANNER (REARWARD LOOKING) 

121 




ITMP ,11- louAinwiAi. ri^-issp-t (r,W]: '-9 »• IL<f<S 'Si^ 'IPJ 0 SFC 

lYPF <ih oCam: rnK.ir.i(. t<FAt? 

Kl'N (Jilt-: i1/|-01-7f' 

5TM-JL ^ r iDN i)Ait; 5”c;i“7« 


LAUI'IOE 

LOi'.r.IT.ir>E 




1 I«t 



SUh 

pnsmi'K 

SAT 




DIM 

SC A r 

fOFG N) 

rnff, /(I 

0 

•''iJ 

YP 

HP 

.1 

S 

7t^J 

AZIN 

Mb AU 

GEHm 

ZfM 

« AZ 

AZ 

ang 

7(1. no 

-?/,H7 

21 

3 

7« 

9 

12 

20 

71. 

165. 

20, 

1 

18. 

65 , 

2o , 

1 16. 












? 

IR. 

17. 

-29. 

126, 

60.00 

-16.3? 

21 

3 

76 

9 

I'l 

b 

83, 

152. 

17. 

1 

16, 

70. 

24. 

12?. 












2 

IS. 

22. 

-24. 

134. 

SO. 00 

-13. m 

?! 

3 

76 

9 

17 

11 a 

5b. 

144. 

15. 

1 

16. 

75. 

29. 

127. 












2 

IS, 

27. 

-24, 

140. 

00,0 0 

-'7.S1 

21 

3 

76 

9 

20 

t 7 

50, 

135. 

13. 

1 

18. 

82. 

24. 

131. 









• 



2 

18. 

39. 

-24. 

149. 

30.00 

-6 . 

21 

3 

76 

9 

22 

51 

Oq, 

126. 

12. 

1 

18. 

91 . 

29. 

133. 












2 

10. 

03. 

-29. 

lo7. 

20.00 


?1 

3 

76 

9 

2S 

2b 

61. 

115. 

12, 

1 

18. 

101. 

24. 

133. 












2 

16, 

53. 

-24. 

197. 

.10.00 

-2, 1 0 

21 

3 

78 

9 

27 

Sri 

39. 

102. 

12. 

1 

18, 

113. 

24. 

132. 












2 

16. 

65, 

-29. 

195. 

0,0 

0 .UO 

21 

3 

76 

9 

30 

31 

39. 

90. 

12. 

1 

U. 

126. 

29, 

126, 












2 

18. 

78. 

-20, 

141, 

-lo.no 

2.10 

21 

3 

78 

9 

33 

0 

92. 

7R. 

12. 

I 

18, 

138. 

24. 

124, 












2 

16, 

90. 

-29, 

135. 

- 20 , on 

0.29 

21 

3 

76 

9 

3S 

38 

Ofc. 

69, 

12. 

1 

IB, 

107. 

29. 

UR. 












2 

18. 

99. 

-24, 

129. 

-30.00 

0.69 

?1 

3 

76 

9 

38 

11 

52, 

63. 

13. 

1 

18. 

159. 

24, 

112, 












2 

16. 

lo6. 

-24. 

122, 

-no . 00 

9.bl 

21 

5 

78 

9 

ao 

05 

58. 

56. 

19. 

1 

18. 

159. 

29. 

105. 












2 

18. 

in. 

-24, 

119. 

-so. 0(1 

13.10 

21 

3 

76 

9 

03 

20 

65. 

56. 

16. 

1 

16. 

163. 

24, 

97. 












2 

18. 

U5, 

-29. 

106 . 

-60 .00 

16,3? 

21 

3 

76 

9 

OS 

57 

73. 

58. 

19. 

1 

18. 

166, 

29. 

90. 












2 

18, 

118. 

-24. 

98. 

— 7 0 . 0 0 

?7.67 

21 

3 

76 

9 

08 

38 

Rl. 

60, 

26. 

1 

18. 

168, 

24, 

81. 












2 

10. 

120. 

-29, 

90. 


TABLE 17. GEOMETRY SYNOPSIS; 9:30 AM ORBIT, MARCH, CONICAL SCANNER (REARWARD LOOKING) 




Time of eouathrial crossing (rmti 


9 HnuRS 30 MIN 0 SF.C 


TVPE OF SCAN; CONICAL HEAR 
RUN OAIE: 0A;}6!17 0il-01-7f. 

SIMULAIIUN DATE: 12-21-77 


LATITOOE 

uingituge 




TIME 



SUN 

HDSITTQN 

sat 




CON 

scat 

(DFG N) 

(OFG fj) 

0 

MD 

YR 

HR 

M 

3 

ZEN 

AZIH 

HEAU 

GEOm 

ZEN 

R AZ 

AZ 

ang 



••• 

am "• 

-- 

»«• 

-• 

-- 


— 

— 

— 


— 



70.00 

-?7,B7 

21 

12 

77 

9 

12 

29 

99. 

167. 

29. 

1 

16, 

60. 

24. 

95. 












2 

18. 

12, 

-24. 

109. 

60.00 

-18.32 

21 

12 

77 

9 

15 

5 

85. 

159. 

17. 

1 

18. 

624 

29. 

103, 












2 

18. 

19. 

-29. 

112. 

50.00 

-ti.lO 

21 

12 

77 

9 

17 

92 

77, 

155. 

15. 

1 

18, 

69. 

29, 

no. 












2 

18. 

18. 

-29. 

120, 

00.00 

-9.51 

21 

12 

77 

9 

20 

17 

69, 

151. 

13. 

1 

18. 

67. 

29. 

117. 












2 

18. 

19. 

-29, 

128, 

30.00 

-b,69 

21 

12 

n 

9 

22 

51 

62. 

196, 

12. 

1 

18, 

70, 

29. 

123, 












2 

18. 

22. 

-29, 

135. 

20.00 

-9,29 

21 

12 

77 

9 

25 

25 

55, 

191. 

12. 

1 

18. 

75. 

29. 

128. 












2 

18. 

27. 

-29. 

191. 

10,00 

-2.10 

21 

12 

77 

9 

27 

58 

48, 

139. 

12. 

1 

18. 

81. 

29, 

132. 












2 

16. 

33. 

-29. 

196. 

0,0 

0,00 

21 

12 

77 

9 

30 

31 

93, 

126. 

12. 

1 

18. 

90, 

29. 

139, 












2 

18, 

92, 

-29. 

199. 

-10.00 

2.10 

21 

12 

77 

9 

33 

4 

39, 

115. 

12. 

1 

18. 

101, 

29. 

155, 












2 

16. 

53. 

-29, 

199, 

-20.00 

9.29 

21 

12 

77 

9 

35 

38 

37. 

103, 

12. 

1 

18. 

113, 

29. 

133. 












2 

18, 

65. 

-29. 

197. 

-50,00 

6,69 

21 

12 

77 

9 

38 

11 

38, 

90, 

13. 

1 

18. 

126. 

29. 

130. 












2 

18, 

78, 

-29, 

192, 

-'10.00 

9,51 • 

21 

12 

77 

9 

90 

95 

90. 

79, 

19. 

1 

18. 

138, 

29. 

125. 












2 

18. 

90. 

-29, 

136. 

-bo . 00 

15. 10 

21 

12 

77 

9 

95 

20 

45, 

71. 

16. 

1 

18. 

196. 

29, 

119. 












2 

18, 

loo. 

-29. 

129, 

"60, 00 

18,32 

21 

12 

77 

9 

95 

57 

51. 

68. 

19. 

1 

18, 

156. 

29, 

112. 












2 

18. 

108. 

-29, 

122, 

-70,00 

27.87 

21 

12 

77 

9 

98 

36 

58, 

70. 

28. 

1 

16, 

162, 

?9. 

105, 












2 

18. 

119. 

-29. 

113. 


TABLE 18. GEOMETRY SYNOPSIS; 9:30 AM ORBIT, DECEMBER, CONICAL SCANNER (REARWARD LOOKING) 

123 


2ER1 



time ”1- k(JUA7i'Kl4L CtxOSSlMi-. CR^•T): !l HflURS 0 I M 0 SE'C 

lYPF flK bCAA'; (.f.iriTCAl i^FAP 
-KUn OAiK; OH: 16: 17 
SlMUlAllLiM riATF: 


LATITHOE LMAif:! TUOF TIME 


(DFG N) 

(DEC k) 

n 

Mu 

YR 

HR 

'! 

S 

70,01) 

-?A.M7 

21 

0 

7H 

to 

**2 

29 

60.00 

-1H.32 

21 

6 

78 

10 

A5 

5 

bo. 00 

-1 i.io 

21 

6 

78 

10 

A7 

42 

00.0 0 

-o.sl 

21 

. 6 

78 

10 

50 

1 / 

30,00 

“0.6*5 

21 

6 

/R 

10 

52 

51 

20,00 

-0.2R 

21 

6 

/ft 

10 

55 

25 

10.00 

10 

21 

6 

78 

10 

57 

56 

0,0 

0.00 

21 

b 

7fi 

1 1 

0 

31 

-10,00 

2.10 

21 

6 

78 

1 1 

3 

4 

-20.00 

0.29 

21 

6 

7B 

11 

5 

58 

-30.00 

6 , 09 

21 

6 

/ft 

1 1 

8 

11 

-00.00 

9.51 

2! 

6 

7ft 

1 1 

10 

45 

-50.00 

U, 1 0 

21 

b 

/ft 

1 1 

13 

20 

-60.00 

16,32 

21 

6 

7ft 

1 1 

IS 

57 

-70.01) 

27.87 

21 

6 

/ft 

1 1 

18 

38 


-SU'i PnSIITOV SAT CUN SCAT 

7t,M AZIM uLAI' REtH ZEN R A2 AZ ANC 


47, 

190. 

24. 

1 

18. 

3ft. 

24, lu6. 




2 . 

16. 

10. 

-24, 151, 

37. 

1 /9. 

17. 

1 

1ft. 

43. 

24. 1S4, 




2 

18. 

5. 

-24, 161. 

2/. 

169, 

15. 

1 

18, 

50. 

24. 160, 




2 

18. 

2. 

-24, m. 

18. 

1 ^) 9 . 

13. 

1 

18. 

63. 

24. 161. 




2 

18. 

15. 

-24. 1/5, 

11. 

122. 

12. 

1 

I«, 

94, 

24, 158. 




2 

18, 

46. 

-24, lb/. 

12. 

/I . 

12. 

1 

18. 

145. 

24," 151, 




2 

18. 

97. 

-24. 15/. 

I*?. 

43. 

1?. 

1 

18. 

1/3. 

24, 143, 




2 

18, 

125. 

-24, 147, 

28. 

31. 

12. 

1 

18, 

Ifl4, 

24, 134. 




2 

16. 

136. 

-24. 137. 

37. 

26. 

12. . 

1 

18. 

190. 

24. 125. 




2 

18. 

142. 

-24. 128, 

4/, 

23. 

12. 

1 

18. 

193. 

24. 115. 




2 

16. 

145, 

-24. 118. 

57. 

22. 

13. 

I 

18. 

195. 

24. 106, 




2 

18. 

147. 

-24. 108. 

6/. 

22. 

19. 

1 

18. 

195, 

24. 96. 




2 

18, 

147. 

-24, 98, 

77. 

24. 

16. 

1 

18. 

196. 

24, 86, 




2 

18. 

148. 

-24. 88. 

87, 

27, 

19. 

1 

18. 

196, 

24. 76, 




2 

16. 

148. 

-24, 78, 

97. 

35, 

2ft. 

1 

18. 

197. 

24 , 65 , 




2 

18. 

149. 

-24. 67, 


TABtE 19. GEOMETRY SYNOPSIS; 11:00 AM ORBIT, JUNE, CONICAL SCANNER (REARWARD LOOKING) 

124 




TIME np EOUATOkIaL CROSSIHc; CGMIJ; U H'JURS 0 MIN 0 SFC 
TYPE np sr.Aht conical reap 

RUN DATE: y8j!t>;i7 na-Oi-76 
STMIIUATIUN date: 3-£1-78 


latitude 

ldneitude 



TIME 



vSUn PfismuM 

SAT 




CON 

SCAT 

(OEG N) 

CnEG W5 

0 

MO 

YR 

HR 

H 

S 

ZfcN 

4ZIM 

HEAD 

GEOM 

ZEN 

P AZ 

AZ 

A«G 




•P« 





■ - • 








7ft.no 

-27,87 

21 

3 

78 

10 

92 

29 

70, 

187. 

24. 

1 

16. 

41, 

24, 

123. 












2 

18. 

.7, 

-24, 

128, 

60,00 

-16.32 

21 

3 

78 

10 

as 

5 

6u . 

177. 

17, 

1 

18, 

44, 

24. 

152. 












2 

16, 

4, 

**24 • 

136, 

so, no 

-15,10 

21 

3 

78 

10 

37 

92 

50. 

171, 

15. 

1 

18. 

46, 

24, 

140. 












2 

18. 

0. 

-24. 

148. 

«0,00 

-9.SJ 

21 

5 

78 

10 

50 

17 

91, 

165, 

13. 

1 

IS, 

52. 

24, 

147, 












2 

18, 

a. 

-24 , 

1S7. 

30,00 

-6.69 

21 

3 

78 

to 

52 

51 

32. 

157, 

12. 

1 

18. 

60, 

24, 

153, 












2 

18. 

12. 

-24. 

165. 

20.00 

-9,29 

21 

3 

78 

io 

55 

25 

24. 

144, 

12, 

1 

18. 

72, 

24, 

155. 












2 

18. 

24. 

-24, 

170. 

to . 00 

-2,10 

21 

3 

78 

10 

57 

58 

18. 

122. 

12. 

1 

18. 

94. 

24. 

154. 












2 

18. 

a6. 

-24. 

166, 

O.o 

0,00 

2t 

3 

78 

u 

0 

U 

17. 

89, 

12. 

1 

18. 

126, 

24. 

149. 












2 

18, 

78. 

-24, 

158, 

-10.00 

2.10 

21 

5 

78 

11 

. 3 

4 

21, 

82. 

12. 

i 

18, 

154. 

24, 

142. 












2 

16 . 

106. 

-24. 

149, 

-20 ,00 

9.29 

21 

3 

78 

H 

5 

38 

28, 

46, 

12. 

1 

18, 

170. 

24. 

134. 












2 

16. 

122, 

-24. 

140, 

-30.00 

6,69 

21 

3 

78 

u 

8 

11 

37, 

58. 

13. 

I 

18, 

179, 

24, 

125, 












2 

18. 

131. 

-?4, 

13(1. 

-00,00 

9.61 ‘ 

21 

5 

78 

11 

10 

as 

46. 

34, 

14. 

1 

18. 

183, 

24. 

116. 












2 

16, 

135. 

-24. 

120. 

-50,00 

13.10 

21 

3 

78 

U 

15 

20 

E5, 

35, 

16. 

1 

16. 

186. 

24. 

107. 












2 

16. 

158. 

■*2ii • 

in. 

-60,00 

18,52 

21 

3 

78 

11 

IS 

57 

65. 

35, 

19. 

1 

18. 

188, 

24. 

97. 












? 

16. 

140, 

-24, 

lol. 

-70.00 

27,87 

21 

3 

78 

n 

13 

38 

75. 

42, 

28, 

1 

18, 

19ft. 

24. 

57. 












2 

18, 

U2. 

-24. 

91. 

TABLE 20. 6E0METSY SYNOPSIS; 

11:00 AM ORBIT, 

MASCH, 

CONICAL SCANNER (EEARMAED LOOKING) - 
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10 
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2 

IB. 
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1 2 

n 

u 

0 

31 
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IbO. 
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1 
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♦ 
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2 

IB, 

IH. 
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~ 1 0 , n 

?. 1 0 

21 

12, 

77 
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3 

2 
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133. 

12. 

1 

16, 

82. 

24, 155. 












2 

IS. 

34, 

-24. 169. 
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o.p'l 

21 

12 

77 

11 

b 

3o 

’l 7. 

lOS, 
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1 

18, 

Ml. 
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2 

IS. 

63. 
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21 

12 

77 

1 1 

A 

11 

Ih. 

70. 

13. 

1 

le. 

l'J3. 

24. 146, 
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IS. 

95. 

-24. 153. 
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21 

1 2 

77 

1 1 

10 

05 

2b, 

SO. 

10. 

1 

IB, 

164. 

24 ; 158. 












2 

IB, 

116, 

-24, 144. 

-So. no 

13.10 

21 

1 2 

77 

1 1 

13 

20 

33. 

«5. 

16. 

1 

18, 

175, 

24, 129, 












■2' 

18, 

127, 

-24. 134 . 

- 6 0 , 0 I'r 

) A. 3^ 

21 

12 

77 

11 

15 

57 
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«?. 

19. 

I 

16. 

1 B1 . 

24. 120, 
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18. 

153. 

-24. 125. 
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77 
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16. 

138. 

-24. 114. 

TABLE 21. GEOMTRY 

SYNOPSIS; 

11:00 

AM ORBIT, 

DECEMBER, CONICAL SCANNER (RZARM71RD LOOKING) ^ — , 
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TABLE 22, SUMMARY OF SCATTERING ANGLE STATISTICS; 

FOR LATITUDES FROM 70°N TO 70°S, IN 
INCREMENTS OF 5° 


9:30 AM ORBIT 11; 00 AM ORBIT 

REARWARD REARWARD 


MODE .OF SCAN 

LINEAR 

CONICAL 

CONICAL 

LINEAR 

CONICAL 

CONICAL 

SCATTER ANGLE EXTREMES 







• MAX. 

157.8 

157.9 

156.6 

177.1 

177.4 

175.4 

. MIN. 

73.2 

68.9 

66.4 

84.0 

68.4 

67.4 

AVG. SCATTER ANGLE 
DURING ONE SCAN 







. MEAN OVER LATITUDES 

125.2 

125.5 

122.2 

136.4 

135.6 

133.9 

RANGE OF SCATTER ANGLES 
DURING ONE SCAN 







. MEAN OVER LATITUDES 

12.3 

11.2 

10.8 

7.6 

7.0 

6.7 

. MAX • 

16.0 

14.5 

14.5 

16.0 

14.4 

14.5 

. MIN 

7.5 

7.1 

6.6 

2.4 

2.6 

1.9 
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TABLE 23. 

FACTORS 

RADIANCE 

AND LEVELS FOR REFLECTIVE-BAND 
SIMULATIONS 

FACTOR 

NO. 

LEVELS 

LEVELS 

SCAN MODE 

2 

LINEAR and CONICAL 

SCAN ANGLE 

5 

LINEAR: 0°, ±4°, ±8° zenith 

CONICAL: 0°, ±12°, ±24° azimuth 

TIME OF DAY 

2 

9:30 AND 11:00 AM SOLAR TIME 

DAY OF YEAR 

3 

21st of JUN, MAR/SEP, and DEC 

ATMOSPHERIC HAZE 
(Visual Range) 

4 

20 and 23 KM (Clear) , and 8 and 10 KM (Hazy) 

SPECTRAL BAND 

7 

For atmospheric effects simulations: 

- 


0.45-0.52 ym 
0.52-0.60 
0.63-0.69 
•0.74-0.80 
0.80-0.91 
• 0.74-0.91 
1.55-1.75 


6 

For total radiance simulations 
(1.55-1.75 ym excluded) 

SURFACE VEGETATION 

2 

Dense green wheat (79% ground cover) 
Sparse green wheat (14% ground cover) 
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TABLE 24. REFLECTANCE 


QUANTITY 


AVERAGE 

0.45 0.52 

to to 

0.52 0.60 


1. DENSE GREEN VEGETATION 

a. Relative Bidirectional 0.030 0,051 

Reflectance 

b. Diffuse Reflectance 0.023 0.042 


'2. SPARSE GREEN VEGETATION 

a. Relative Bidirectional 0.068 0.106 

Reflectance 

b. Diffuse Reflectance 0.054 0.086 


3. BACKGROUND ALBEDO, 0.082 0.138 

(Average Green Leaf 
Reflectance) 


4. SOIL REFLECTANCE 0.111 0.163 

(Condit’s Mean 
Spectrum) 


USED IN THE SIMULATIONS 



IFLECTANCE IN DESIGNATED SPECTRAL BAND 


0.63 

to 

0.69 

V 0.74 
to 

0.80 

0.80 

to 

0.91 

0.74 

to 

0.91 

1.55 

to 

1.75 

0.032 

0.467 

0.484 

0.478 

n/a 

0.025 

0.441 

0.457 

0.452 

N/A 

0.128 

0.283 

0.294 

0.290 

N/A 

0.099 

0.270 

0.280 

0.276 

N/A 

0.120 

0.46 

0.50 

0.48 

0.320 

0.223 

0.262 

0.273 

0.269 

N/A 


Z. 
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TABLE 25. CORKELATIOH HATRICES FOR TOTAL RADIANCES; BETWEEN SPECTRAL BANDS AND SCATTERING ANGLE 


A. BOm HAZY AND CLEAR 
CONDITIONS 



B. HAZY CONDITIONS 
(V - 8 AND 10 KM) 


C. CLEAR CONDITIONS 
(V = 20 AND 23 KM) 


VARI4RLE' 


,7PB<l5,b2 

( .0000 







.TPP52.l>n 

.9S19 

1,0000 






,TPBAJ.fi9 

.805/ 

,9.360 

1,0000 





.TP07U,ai) 


.6399 

.6051 

1,0000 




TD0BO.91 


.6?13 

,5922 

.9996 

1,0000 



,T«>H7'J,91 


.6265 

,5972 

,9996 

.9999 1 

,0000 


.SCAT AWG 

.01 A1 

.7730 

,6156 

.3850 

.3635 

.3719 1 

.0000 


1PB«5. 

52 TPR52. 

60 TPB63, 

69 TPB70, 

80 TPb80,9t 

TPH70,9t 

SCAT ANG 

.TPO^S.Sa 

t .0000 







TPBsi.Oft 

.9611 

l.OOOO 






.TPB63.09 

.H257 

.9386 

1 , 0 0 0 (1 





.TPB79.B0 


,6290 

.6255 

1,0000 




.IPHBO.91 

.0097 

.6030 

.6059 

.9993 

1.0000 



.TPB74.91 

.0616 

.6136 

,6135 

.9997 

,0999 

1.0000 


.SCAT ANG 

.R067 

.6390 

,7019 

.0300 

.ool t 

.9122 

1.0000 > 


T^HOb, 

.52 TPB52, 

.60 TPH63, 

.69 1P870, 

.80 rPB80.91 

TPB7<t,91 

SCAT ANG 

.TP0S5.5? 

1 ,0000 







,TPB52.bO 

.9026 

1.0000 






.TPB6i,69 

,B01H 

.9007 

1 ,0000 





. TPB7ii,ttO 

.5200 

.67T7 

,5916 

1,0000 




,TPHnfl,91 

.5 0rtS 

,666b 

.5B02 

,9996 

1,0000 



.TPH7A.91 

,5100 

.670H 

,5H70 

,9999 

1.0000 

1.0000 


.scat ang 

.6536 

.7«0b 

,5077 

.3086 

.3'425 

.5385 

1.0000 


TPHSa.bO TPH63.69 TPRI'I.BO TPHH0.91 IPH/«.9t SCAT AnG 
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